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1. Introduction
1.1. Background

At the request of counsel for defense in the matter of “Lawrence O’Connor, et. al. vs.
Boeing North America, Inc.”, I have undertaken an investigation to determine whether
there was a release of radionuclides form the Sodium Reactor Experiment (SRE) in July

1959, and if so, to determine the quantity and identify the specific radionuclides released.

I have over 30 years experience in nuclear engineering. I graduated from the University
of Florida in 1972 with a Bachelor of Science degree in Nuclear Engineering Sciences.
My primary areas of expertise are nuclear power plant safety analysis and fission product

transport and behavior.

I began my career at United Engineers and Constructors, in Philadelphia, performing
nuclear safety analyses for the licensing of nuclear power plants under contract to UE&C.
I worked on the Seabrook Nuclear Station, Washington Public Power Supply Systems
Units 1 and 4, and Brunswick Power Station. I performed containment pressure-
temperature analyses and various analyses for postulated nuclear accidents, including
release from fuel and off-site dose analyses. As part of my work, I developed computer
codes to assess the performance of safety systems designed to mitigate the consequences
of upset and emergency conditions in the plant. I also performed safety assessments of
foreign reactor systems, including the Canadian heavy water reactors and the French
Phoenix and Super-Phoenix sodium-cooled breeder reactors, as part of a study conducted

by the Department of Energy.

In 1978, 1 joined General Public Utilities, and was at the Three Mile Island facility from
April, 1979 until May, 1984, as technical advisor to the Vice President of GPU Nuclear,
and as Manager of the TMI-2 Radiological Analyses Group. I was responsible for the
assessments of radiological safety for all decontamination operations in the plant and to
provide technical support to the recovery team. I also supervised the equipment design

and collection of highly radioactive samples to assist the recovery effort.

I joined Science Applications, Inc. while at TMI in 1982, and became the TMI site

manager for SAL. I was responsible for the laboratory's contribution to recovery

1-1
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operations, under contract to Department of Energy. I developed a systematic approach
for documenting the fission product release from the fuel and transport through the
primary and auxiliary systems, utilizing a combination of specialized sampling, computer
modeling and in-situ gamma spectrometer measurements. [ made several entries into the
TMI reactor building to perform scientific measurements related to the accident sequence

and to measure the effectiveness of decontamination efforts.

I founded Daniel & Associates, Inc. in 1984, and now consult to various utilities and
governmental agencies. I was the Principal Investigator for.an NRC project that
developed a correlation between radioactive iodine resuspension and ambient

temperature, published as NUREG/CR-4953.

I have written several computer codes, including RADTRAN, a fission product transport
code. The RADTRAN code, after review by the NRC, was used to calculate the
allowable release rate of radioactive gases from the TMI-2 reactor building during the
venting of gases during 1980. I revised a version of the ORIGEN2 radioactive isotopic
generation/depletion code and the Oak Ridge National Laboratory (ORNL) shielding
code ANISN to operate under the Windows® operating system. | have also written
numerous small codes related to dose calculations, gamma-ray shielding, and two phase

flow in piping systems.

A list of publications and papers is attached as Appendix A.
1.1.1 Prior Testimony

I'have not participated in any litigation in the past four years.
1.1.2 Compensation

My compensation in this case is $ 120/hr.

1.2. Approach

Investigation of the SRE fuel damage incident lends itself to an approach known as
“forensic reconstruction”, a technique commonly used by investigators of aircraft and

other industrial incidents to determine the cause and significance of events leading up to
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the failure being investigated. In this technique, mathematical calculations, called
“models”, are commonly used to compare calculations to data recorded during the
incident, and to fill in missing data or gaps in the data that may be relevant to the
incident. The “models” use the laws of physics to predict and quantify the outcome of
events. On occasion, it may be necessary to make assumptions, due to lack of data, for
example. In these instances, the investigator should pursue the validity of the assumption,
and then test the generated results against available data. Taken in total, the
“reconstruction” must satisfy all data recorded and available from the event, and also
must not violate the physical constraints imposed by the plant piping and equipment

arrangement.

The approach taken in this investigation was accomplished in two phases. Phase I
involved determining an accurate inventory of fission products in the SRE reactor core.
Phase II involved determining the inventory of fission products remaining in the reactor
core and plant systems after the incident occurred. The difference in inventories, i.e.,
before and after the incident, provides the best estimate of what may have been released

during the incident.

In order to accomplish the forensic “reconstruction”, certain system descriptions and
operating data were examined and reviewed in detail. Relevant descriptions and data are
contained in this report to provide a clear understanding of individual systems and their
role in the events that occurred in July, 1959 with respect to release from the SRE.
Whenever possible, comparison to SRE data will be made and presented to verify the
validity of calculations. Using this generally accepted scientific methodology will result

in determining whether a release occurred, and If so, the magnitude of that release.
1.3. Organization of Report

Section 2 of this report is a description of the SRE design features that are necessary to
understand the operation and pathways available for release to the environment to
determine whether or not a release occurred. Descriptions are taken from SRE design
documents and drawings. Every attempt has been made to verify that the drawings and
descriptions are an accurate representation of the facility during the period in question.

This section thus describes the equipment and systems at the time of the fuel damage

1-3
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incident. As a general rule, only the systems and equipment necessary for an
understanding of the events of the incident are discussed. The exceptions to the rule are
that descriptions may also be given for systems and pathways identified by plaintiff’s
expert to fully understand the allegations presented.

Section 3 describes the operating and irradiation history of the SRE fuel, in order to
provide a background for determination of fission product inventory in the reactor core
during the period July 12 through July 26, 1959. The information in Section 3 was
primarily taken from the reports describing the fuel damage incident. Ref. 141 Section 3
provides the operational history for power runs up to run 14, and provides the

background for the problems that developed in Run 14.

Section 4 is a description of Run 14 and presents the thermodynamic aspect of the fuel
damage. This section also presents the results of experiments undertaken to determine the

root cause of the fuel damage.

Section 5 deals with the radiological aspect of the fuel damage incident, and introduces
the calculated fission product inventory and analyses performed to determine the release
from the fuel. Comparisons to sample data are used as benchmarks to compute the source
term for release. Section 5 contains the details of the release to the environment from the
event. This section also presents the results of experiments undertaken by Atomics

International to determine the fate of fission products released from the fuel matrix.

Section 6 discusses specific allegations made by plaintiff’s expert, contained in the report

“lodine-131 Releases from the July 1959 Accident at the Atomics International Sodium

Reactor Experiment”, dated January 1959 [Ref- 32,

Section 7 lists the references relied upon to prepare this report.
1.4. Summary and Conclusions
1.4.1. Summary of Fuel Failure Incident

During Power Run 14 of the SRE which began July 12, 1959, fluctuations of the core exit
sodium temperature were noticed at various fuel channels. Some of these fluctuations

were severe, and caused swelling of the fuel such that the stainless steel cladding was
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breached, exposing the fuel to the sodium coolant, and releasing radioactive fission

products to the coolant and reactor cover gas.

On one occasion, early in the run, the reactor’s neutron behavior was not within normal
operating parameters. The run was terminated on July 26. A series of fuel element
inspections were begun which revealed that 13 of the 43 fuel elements had sustained
damage. Investigations into the causes of the event revealed that partial flow blockage in
certain coolant flow channels was caused by the decomposition products of an organic
coolant, tetralin. The flow blockage was responsible for the thermal cycling that
eventually caused cladding failure and partial melting of the uranium fuel in the 13
affected fuel elements. Even though the cladding was breached in 13 of the fuel elements,
with subsequent release of fission products to the coolant, no radiological hazard was
presented to the reactor building. Recovery operation were initiated and conducted within

standard AEC regulations on radiation exposures.
1.4.2. Conclusions Regarding the Fuel Failure Incident

This investigation, performed independently from the Atomics International (AT)
investigation, relied upon descriptions of events and data contained in the reports
generated by Al, as well as experimental data obtained by Al and other industry groups
as it related to fuel behavior during the events of July, 1959. The curie balance for Kr*’,

Xe'?? and I'*! as obtained by this investigation are summarized in Figure 1.1.
The basic conclusions reached in this investigation were as follows:

. The Al conclusions that fuel damage was caused by thermal cycling and fuel

swelling is supported by industry experience with natural uranium fuel.

. Industry experimental data and plant operational data support the conclusion that

radioactive iodine was either retained in the fuel or in the coolant.

. The Al conclusion that no radioactive iodine was released from the site is

supported by this investigation and data collected at the time of the incident.

. The majority of fuel damage occurred between July 22 and 24, which is after the
date that the vent header alignment was confirmed to be to the holdup tanks.
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* The release fraction for noble gases was determined to be 1.5% of the core
inventory.
* The releases of radioactive gas were retained in the holdup tanks for decay prior

to discharge to the environment.

* The increase in radiation levels noted on July 12 in the high bay area were most
likely due to activation of the nitrogen injected into the cover gas between Runs 13 and

14; not as a result of fuel cladding ruptures as postulated by Al in their Interim Report.

* The source of the stack monitor increase on July 12 and 15 was most likely due to
an inadvertent valve alignment of the fuel handling cask vent, which was limited in

duration. Only noble gases were released by this pathway.
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2. Design of the Sodium Reactor Experiment
2.1. Overview

The purpose of the Sodium Reactor Experiment (SRE) was to generally demonstrate the
feasibility of a sodium-cooled reactor as a heat source for a commercial power reactor to
produce electricity. A secondary objective was to obtain operational data on slightly
enriched uranium metallic fuel and uranium thorium fuel mixtures. The SRE was
operated from April, 1957 until February, 1964, and provided the basis for commercial
nuclear power development. The Sodium Reactor Experiment site is located 30 miles
northwest of downtown Los Angeles, approximately 6 miles west of Chatsworth and 3
miles south of Santa Susana, California. The site is situated in the Simi Hills, and was
part of a larger research complex built as a joint effort of Atomics International,

Rocketdyne, and the Atomic Energy Commission. [R¢%5-PP 1]

Figure 2.1 shows the principal buildings of the SRE and their relationship to site north.
The reactor building is identified as Building 143, and the other buildings relevant to this
study include the liquid and gaseous waste holdup systems in Building 653, and the
primary sodium fill tank and system in Building 753.

The elevation of the reactor building is approximately 1850 ft. above sea level. The
maximum elevation of the Simi Hills is about 2400 ft, while the San Fernando Valley

floor and the Simi Valley floor is approximately 900 ft.
2.2, Reactor Building

The Reactor Building is the main building of the SRE, consisting of a high bay area, a
side bay area and hot cell facility. Figure 2.2 shows the reactor building and some of its
internal features. The side bay contains the control room, administrative offices, electrical
shop, and air conditioning equipment. The high bay area, so-called because of the
elevated roof, contains the reactor and its primary and auxiliary coolant systems, new fuel
storage, irradiated fuel storage area, a fuel handling machine, and a second moderator
handling machine slightly larger than the fuel handling machine which handles the larger

graphite moderator cans.
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Figure 2.3 shows the floor plan of the reactor building. The reactor, primary sodium
coolant loops and irradiated fuel storage area are located below ground. The reactor
building floor is mostly clear except for control rod drive mechanisms over the reactor
and pump motors over the coolant galleries. A 75 ton bridge crane spans the high bay
area to move and position the fuel handling machine and other heavy equipment related
to the reactor. The high bay area is normally kept at a negative pressure, to avoid
potential air leakage out of the building. The high bay area is windowless with weather-
stripped or gasketed access doors to inhibit air leakage into the high bay area from other

building spaces.

A side bay area, adjacent to the high bay area, houses reactor experimental facilities, the
reactor control room, electrical distribution equipment, instrument storage and

maintenance facilities, inert atmosphere systems, and the administration offices.

The hot cell area is an underground area located adjacent to the high bay area. The hot
cells are used for examination, dismantling and preparation of irradiated fuel elements for

final processing.
2.2.1. Reactor System

The SRE reactor was designed as a low pressure sodium-cooled reactor using slightly
enriched uranium fuel. The reactor, shown in Figure 2.4, contains the active core
approximately 18 feet below the surface of the reactor building floor. Liquid sodium fills
the reactor vessel and passes from the bottom of the reactor vessel to the top sodium pool
during power operation. The reactor has heaters in the bottom of the vessel to keep the
sodium in a liquid state when the reactor is not in operation. Above the core, the liquid
sodium collects in an open volume called the "pool". The pool allows mixing of the
sodium that has passed through the fuel assemblies and the moderator cans so that a more
uniform temperature exist prior to passing through the heat exchangers in the cooling

circuits.

As the sodium passes through the core, some of the sodium atoms absorb neutrons and
become radioactive. This process is called "coolant activation". The principal radioactive
sodium isotope is Na**, with a half-life of 15.02 hours. In order to keep the radioactive

material contained in shielded areas away from plant personnel, the cooling loops are -
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divided into two systems ~ the primary sodium loop and the secondary sodium loop. The
primary sodium loop passes through the core where it absorbs heat from the reactor, and
then to a heat transfer component called an intermediate heat exchanger, where it
transfers its heat to the secondary sodium loop. The cooling systems are shown in the
schematic diagram, Figure 2.5. The secondary sodium loop, which does not contain
radioactive sodium, transfers the heat to the steam generator to produce steam for the
turbine, or transfers the heat to the main airblast heat exchanger, where large fans cool

the coolant before it goes back to the heat exchanger to pick up more heat.

An auxiliary system is provided for low-power operation, in which a smaller primary
sodium loop transfers heat to an auxiliary intermediate heat exchanger, and a non-
radioactive sodium loop then transfers the heat to an airblast heat exchanger located on

the roof of the reactor building.

Piping between the reactor and heat exchangers inside the reactor building are contained
in concrete passages called "galleries" which are filled with an inert nitrogen gas system.
This was a precaution to prevent oxygen contamination of the liquid sodium, and to

prevent possible fires from water vapor reacting with the sodium in the event of a leak.

During the performance of this study, it was convenient to refer to the design parameters

of the SRE. Table 2.1 contains the relevant data of the SRE reactor design. R 233643]



Table 2.1

SRE Reactor and Fuel Design Parameters

Reactor

Design Heat Output (Mwy)
Coolant Inlet Temperature (°F)
Coolant Qutlet Temperature (°F)

Core Operating Pressure (psig)

Reactor Vessel Mechanical Design

Reactor Core

Liner Diameter ( Ft-In)
Liner Height (ft)
Liner Thickness (in)

Material

Fuel Loading (kg U-235)

Fuel Loading (kg U-238)

Average Neutron Flux (20 th)(n/cmz-sec)
Enrichment (wt % U-235)

Size (Dia. x Height)

TDR/DA-0502

20
500

960

13-9
11
0.25

304 SS

83.4
2190
5.02x10"
2.77

6'x6



Table 2.1 (Cont'd)
Control and Safety Rods
Number
Shim
Regulating
Safety
Poison

Total Rod Worth

Sodium Primary Coolant
Mass (Kg)
Flow Rate (ft/sec)
Sodium Melting Point (°F)
Sodium Boiling Point (°F)
Fuel Elements
Fuel Slug Dia. (In)
Fuel Slug Length (In.)
Fuel Slugs per Rod
Rods/Element
Total Number of Slugs
Total Number Fuel Assemblies
Cladding Material
‘Cladding Thickness

Cladding Dia. (In)

B-Ni

~9.6 A Kk

2.55x 10

208

1618

0.75
6.0

12

3612
43

304 SS
0.010

0.79

TDR/DA-0502



TDR/DA-0502

Table 2.1 (Cont'd)

Cladding Gap Material NaK
NaK Melting Point (°F) 12
NaK Boiling Point (°F) ‘ 1445

Cover Gas Volume

Core Tank Cover Gas (ft%) | 253.5

Primary Fill Tank (ft%) 1182
Reactor High Bay Volume (ft) 1.4x10°
Gaseous Waste Holdup Tanks

Number 4

Volume (ft*) 350

Capacity (ft® @ 100 psia) 2700
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2.2.1.1. SRE Reactor Structure

The SRE was an experimental reactor built in place, rather than a fabricated steel reactor
vessel found in today’s power reactors. Instead, the SRE reactor was built in place below
grade and was designed such that the outer tank would contain the liquid sodium in the
unlikely event of catastrophic failure of the core tank. The design utilized sodium as a
coolant, so that high pressure water systems would not be required. With low pressure
systems, there was no need for a containment vessel to contain the energy released in a

hypothetical accident.

Figure 2.6 shows the cross-sectional view of the reactor, and following the order of
construction, i.e., from the outside in toward the reactor fuel, the reactor structure consists

of three concentric tanks,
¢ the cavity liner,
¢ the outer tank , and
¢ the core tank.

Each of the main components of the reactor is described below. There are descriptions of
the top shield plug and the core cover gas region, which are relevant to the events that

occurred during Run 14 at the SRE.
2.2.1.1.1. Cavity Liner

The cavity liner is the outermost containment vessel in the reactor structure. The tank is
constructed of %4 inch thick carbon steel. The tank is 23 feet high and 14 feet 8 inches in
diameter. Around the outer edge of the cavity liner and across the bottom of the cavity
liner are 28 evenly spaced 1 inch diameter cooling circuits. The cavity liner is attached to
4 ft thick high density concrete by anchor bolts embedded in the concrete. The concrete
forms a biological shield and forms the major support structure for the reactor structure.
The cavity liner extends to the reactor operating floor, and is stepped to accommodate the

reactor loading face shield assembly. [Refs. 6,7)
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2.2.1.1.2. Outer Tank

The outer tank is made of ¥ inch thick low alloy steel, and is 18 feet 11 inches high and
is 12 feet 6 inches in diameter. It rest on four concentric rings 21 % inches high, which
are supported by cavity liner support plates. The outer tank is sealed to the cavity liner at
an elevation near the top of the outer tank by a welded bellows seal, shown as an
"accordion" shaped object 11 inches high just below the 13 reflector plates underneath
the top shield plug. The bellows seal is constructed of Type 347 stainless steel and is 12

feet 6 inches in diameter.

The cavity liner and the outer tank serve as a secondary sodium containment vessel.
Insulating blocks are placed in the annulus between the cavity liner and the outer tank to
provide insulation for the reactor. The annulus space between the cavity liner and the
outer tank is called the "insulation cavity”, and contains an inert nitrogen cover gas to
prevent the sodium from coming into contact with oxygen in event of a sodium leak into
the volume. The insulation cavity is sized such that in the event of a sodium leak that
breaches the core tank and the outer tank, the sodium level will remain above the active

core region. ReB-67]

2.2.1.1.3. Core Tank

The inner tank, referred to as the core tank, is 1 %2 inches thick and constructed of Type
304 stainless steel. The core taok is 11 feet 3 inches in diameter.

The annulus between the core tank and the outer tank contains the side thermal shield,
which consists of seven 5 'z inch thick interlocking rings. The overall height of the

interlocking rings is 19 feet 11 inches. The inner diameter of the rings is 11 feet 6 inches.

The core tank rests on the bottom of the outer tank. The core tank is sealed to the cavity
tank at the top by a bellows seal, just as the outer tank was sealed to the cavity liner.

The annulus between the core tank and the outer tank is called the "core cavity". The core
cavity contains stagnant sodium coolant adjacent to the core tank wall, and thereby
relieves thermal stresses caused by thermal expansion or uneven heating. There is an
open space above the sodium in the annulus to allow for thermal expansion of the

sodium. The space is filled with an inert helium atmosphere just as inside the core tank.
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The helium pressure is maintained at 3 psig to reduce stresses. There is some activation
of the sodium in the core cavity, and therefore the vents for this volume are considered
contaminated. The core cavity volume does not communicate with the cover gas in the

core tank above the reactor core.

The main and auxiliary cooling piping and moderator cooling piping pass through the
core tank wall at an elevation just above the top of the moderator elements. Some of the
outer moderator elements are modified to allow the coolant piping to be routed down to
the lower plenum. The coolant inlet and outlet piping is contained within double walled
piping sleeves sealed with a bellows at the cavity liner and extending into the core tank.
The double walled piping provides for thermal expansion of the sodium coolant piping,
while maintaining the barriers of the outer tank and core tank. The double walled piping
also acts as a barrier to keep the "cold" sodium from mixing with the "hot" core sodium
in event of a coolant pipe leak. At the same time, the double walled pipe provides a
thermal barrier between the "cold" coolant and the "hot" sodium in the core tank. A

helium atmosphere is maintained in the double walled pipe, also. K% &7

2.2.1.14. Top Shield Plug

One of the unique features of the SRE reactor design is the rotatable shield plug at the top
of the reactor. The shield plug fits inside the "ring shield" as shown in Figure 2.7. The
ring shield is 71-5/8 inches high, with a 16 ft. outside diameter and 12 fi. inside diameter
at the top. The inside section is stepped to prevent radiation streaming from the core
region, and to provide physical support for the shield plug. The shield plug is 140 inches
in diameter at the top and is made of high density concrete. The plug weighs
approximately 75 tons. The plug has Type 304 stainless steel casing at all surfaces that
may come into contact with sodium or the helium cover gas. There are 81 small plugs
that extend through the shield plug. In addition, there are two 40 inch plugs and one 20
inch plug. These plugs are arranged so that by rotating the top shield plug, any moderator

assembly may be removed from the core tank.

The openings for the 81 small plugs have stainless steel sleeves that are seal welded to
the bottom shield plug plate for cover gas containment, and to the loading face shield at

the top. Access to any one of the moderator cans with a central channel containing fuel
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assemblies or instrumentation can be made through the small plug openings by using the
fuel handling cask.

Thermal protection is provided on the bottom of the shield plug by 13 reflector plates
attached to the bottom of the top shield plug. Cooling circuits are built into the concrete

using kerosene as a coolant to aid in temperature control.

All plugs are sealed by two O-rings compressed between the plug and the casing near the
top of the shield plug. Another gasket, compressed by a retaining ring, is incorporated in
the top lip of each shield plug. The retaining ring may be removed and the gasket

serviced without removal of the shield plug.
2.2.1.1.5. Grid Plate

Mounted 18 inches above the bottom of the core tank is the grid plate which has holes
drilled into it at each fuel assembly location. It also has indentations to position the
moderator cans. The grid plate is 135 inches in diameter and is made of type 304 stainless
steel. The purpose of the grid plate is to support the active core region and to provide
flow distribution for the coolant that passes up through the active core past the fuel
assemblies, and to provide a barrier between the moderator coolant and the primary

coolant.

The primary coolant flow is directed to the bottom of the core tank, and then passes up
through the active core via holes drilled into the grid plate as shown in Figure 2.8. The
moderator coolant travels between the top of the grid plate and the bottom of the
moderators assemblies and then up through the moderator cans through the moderator
cooling channels. Figure 2.8 does not show all of the coolant channels, but is intended to
show the flow path for the moderator and primary sodium coolant. The "outlet plenum" is
simply a pool of sodium at the top of the active core where the primary sodium and
moderator coolant collect before passing out of the core tank through the coolant outlet

pipCS. [Refs. 6,7]

2.2.1.1.6. Cover Gas Volume

The space above the active core and sodium pool inside the core tank and below the

shield plug is a helium filled region known as the "cover gas". This gas volume allows
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the sodium to expand and contract with changes in temperature during reactor operation.
Helium was chosen as a cover gas because it does not become activated by neutrons from
the core. Helium is also used as a cover gas over the primary sodium fill tank. The
sodium fill tank cover gas volume and reactor cover gas volume are considered as the
primary cover gas system. The fill tank and reactor cover gas volumes are connected by a
2 inch pipe, shown in Figure 2.6 as the "crook neck" pipe identified as "Fill Tank Vent
Line". The cover gas is normally maintained at 2-3 psig pressure in order to prevent

primary sodium pump cavitation. R 5>

When a decrease in pressure is required to the cover gas, the reactor cover gas may be
vented to the waste gas decay tanks located north of the reactor building. Makeup gas and
helium used to increase pressure of the cover gas are provided by the helium supply

system, stored in steel bottles located outside the reactor building.
2.2.1.2. Active Core

As shown in Figure 2.6, the reactor core is located inside the core tank, and is made up of
a matrix of hexagonally shaped moderator cans which contain control elements, uranium
fuel assemblies, and temperature and sodium level measurement devices. Figure 2.9

shows a top view of the core, and identifies the location of fuel elements in the core.

The primary structural elements of the active core are the moderator assemblies, called
moderator cans, which contain the graphite moderator. The purpose of the moderator in a
nuclear reactor is to slow down the neutrons given off in the fission process to a speed
where they can be absorbed by other uranium atoms, and thereby get better "mileage” out
of the uranium fuel. At the outer edges of the core are "reflector cans", whose purpose is
to bounce back the neutrons that reach the outer edge of the core before the neutrons
escape the core region. The refiector cans do not have coolant channels through the

center of the can, as do the moderator cans.

The moderator/reflector cans are slightly less than 11 inches across the flat part of the
hexagon, and the spacing between cans is 11 inches on center. This spacing is sufficient
to provide a gap of approximately 0.17 inches between cans to allow coolant to flow

between the cans to remove heat generated in the graphite.
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There are a total of 119 cans in the reactor. A diagram of the construction of a moderator
can is shown in Figure 2.10. The moderator cans are approximately 10 feet in height, and
are wrapped with 0.035 inch thick zirconium metal sheets that have "dimples" to help
maintain clearance between cans. The top and bottom use 0.10 inch thick zirconium
metal sheets. The "wrapper" of zirconium is also referred to as "moderator cladding” as
opposed to the stainless steel wrapper around the uranium fuel, which is called "fuel rod

cladding". Sometimes the fuel wrapper is referred to as "cladding”.

The purpose of the cladding is to protect the contents within the wrapper. In the
moderator, it is necessary to prevent sodium from penetrating into the graphite. In the
case of the fuel, the cladding acts as a barrier to prevent any radioactive fission products

from getting into the sodium coolant.

Each moderator can has a central channel to allow coolant to flow up through the channel
to remove heat generated by the nuclear reactions taking place in the uranium fuel. To
prevent contact between the sodium coolant and the graphite, a 0.035 inch thick ‘
zirconium tube that is 2.8 inches (inside diameter) is welded to the top and bottom of the

moderator can.

When the moderator cans were first built and tested prior to installation in the core, it was
discovered that gases were given off by the graphite due to impurities in the graphite. As
the temperzature was increased, the gases expanded, creating internal stresses on the
moderator can side walls which could possibly damage the moderator can, or cause it to
distort its shape and to become stuck in place. ®<f *! To alleviate this problem, a
zirconium "vent tube" was built into each moderator can. A zirconium "snorkel tube" is
attached to the can tops and extends into the cover gas region above the top sodium pool.
When the moderator cans were manufactured, the snorkel tube and vent tubes were
sealed with a fusible plug after the can was evacuated and filled with an inert gas. This
provided gas-tight integrity of the cans until they were installed into an inert atmosphere
in the reactor. The fusible plug was designed to melt at a temperature of about 450 °F and
be collected in the "condenser cup" shown in Figure 2.10. The purpose of the cup is to
collect any sodium vapor which might pass down the snorkel tube. By this design, any

pressure built up inside the moderator can during operation in the reactor could relieve
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itself to the cover gas region and prevent damage to the moderator can. The tube is only

open at the bottom of the moderator can and at the end of the snorkel tube in the cover
gas.

The bottom of the moderator cans are equipped with a socket adapter that mates with the
grid plate located in the bottom of the reactor. A spherical step on the socket fits into a
tapered dimple in the grid plate and thereby restricts moderator coolant from passing
through the grid plate. The adapter contains slots to allow the coolant in the moderator
plenum to travel up the moderator coolant channels. Similarly, the fuel channel adapters
are open at the bottom, and sealed at the moderator plenum section, thereby allow only

sodium coolant to pass into the fuel channel K¢ 267]

2.2.1.2.1. Fuel Elements

Core I of the SRE contained a total of 43 fuel elements, also referred to as assemblies. A
typical fuel assembly is shown in Figure 2.11. A basic fuel assembly is made up of the
fuel rods, a hanger rod with hold-down tube, an orifice plate, and retaining hardware with
guide vanes. The fuel assembly is attached to a shield plug, lowered through openings in

the reactor top shield, and inserted into the core region of the reactor.

Each fuel element consists of 7 rods containing 12 uranium fuel slugs, making up the fuel
element. The walls of fuel rods are 0.10 inch wall thick, and are also referred to as "fuel
cladding". The 12 fuel slugs are % inches in diameter, six inches long, and are held in
place by a sodium-potassium compound called "NaK". (An acronym made up of the
chemical symbols for the two elements, which come from their latin names — sodium
[Natrium] and potassium [Kalium].) The NaK fills the annulus between the uranjum fuel
and the stainless steel cladding. The six outside rods of the fuel element are spirally
wrapped with stainless steel wire to prevent the rods from touching each other or the

coolant tube in the moderator can. R¢t 12!

At the top of each fuel element is a gas space of 110 cubic centimeters (cc) for thermal
expansion of the NaK, and for collecting radioactive fission gases which may not be
retained in the fuel during irradiation in the reactor. Fission gases collected in the annulus

or gas space of each fuel rod are also referred to as the "gap activity".
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Each fuel element has an adapter on the bottom end which serves as a guide for placing
the assembly and also has an orifice plate to limit the sodium flow through that particular
channel. The purpose of the orifice plate is to adjust the flow through each coolant
channel to provide an even temperature distribution across the width of the core. The
center of the core has the highest neutron population, and therefore the highest heating
rate. By adjusting the flow rate through individual fuel channels, it is possible to change
the amount of heat removed in each individual fuel channel, and thereby attain a more
uniform exit temperature across the diameter of the core. The flow rate through the center
of the core is designed to be 5 feet per second in order to remove a large quantity of heat,
while at the outside edge flow rate might be much less, in order to keep the temperature

at the edge of the core closer to that at the center. R 267)

2.2.1.2.2. Safety Control Rods

There are 4 safety control rods that perform a safety shutdown function called a reactor
"scram". A scram is an automatic shutdown of the reactor by dropping the safety control
rods into the core. Normally, the automatic control circuits initiate a reactor scram, but
the operator may also initiate a scram from the reactor control console. The safety control
rods contain an alloy of boron and nickel. Boron is an excellent absorber of neutrons, and
is used in reactors to provide a neutron "sponge" function. The safety rods are contained
in a stainless steel pull tube contained within a thimble assembly that extends from the
top service area of the rotatable shield plug to just below the active region of the core.
The pull tube is raised or lowered from the reactor core by means of a screw and-nut
arrangement. The nut, attached to the pull tube, is prevented from moving by guides that
move in flutes machined into the wall of the thimble assembly above the core. A control
rod drive motor located on top of the shield plug turns a screw which rotates through the

nut, raising or lowering the pull tube.

The safety rods are operated by a high-speed drive that retracts the pull tube at 3.75
ft/min. A "hold" magnet is built into the thimble which can be released at any time during
retraction from the core or after full withdrawal. When the magnet is disengaged, such as

by a scram signal, the safety rods fall into the core by gravity.

The safety rods are fully withdrawn prior to reactor startup. [Ref. 2]
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2.2.1.2.3. Shim and Regulating Control Rods

There are 2 control rods that provide a "shim "or very fine adjustment to the neutron
population in the core. Two other control rods provide "regulating" adjustments. The

shim rods and regulating rods also contain boron-nickel alloy.

The shim rods have dual speed drive motors that produce 0.29 ft/min for fine control rod
adjustments. The regulating rods have "high speed" travel at 3.75 ft/min. The high speed
drives are prevented from traveling more than 7 inches in either direction by the
automatic control system. The operator may move the rods in or out in a shutdown or
startup operation by pressing a switch on the control console. The shim rod and

regulating rods do not provide a scram function.

The shim rods and regulating rods are the main control mechanism for bringing the
reactor to initial criticality during startup. Increase or decrease of their position in the
core during power operation regulates the neutron population in the active core. The shim
rods and regulating rods are never fully withdrawn from the core, as are the safety control

rods. Ref-21
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2.3. Support Systems and Equipment
23.1. Fuel Handling Cask

Provisions are made to remove a fuel assembly for examination and to insert
experimental assemblies into the active core region when the reactor is shut down by use
of a machine called the fuel handling cask. The SRE documents and drawings may also
refer to the cask as the Fuel Handling Machine (FHM) or "coffin".

The fuel handling cask is 35 feet high, weighs 50 tons, and is moved around the reactor
high bay area by the overhead 75 ton capacity crane. It is a lead-lined shielded device,
which contains hoisting devices used for fuel assemblies and other reactor components.
Difficulty in fuel assembly removal is compounded by the fact that an inert atmosphere
must be established and maintained during all fuel handling operations. This requires that
the cask form a gas-tight seal to the top shield to prevent oxygen from reacting with the

sodium coolant, and as a precaution to prevent a sodium fire in the reactor.

A schematic diagram of the operational configuration of the fuel handling cask is shown
in Figure 2.12. Access to the core is made by first removing the retainer ring and gasket
and any electrical or instrument connections on the particular shield plug. The fuel
handling cask is then positioned over the shield plug. The cask is positioned by marks on
the reactor loading face to provide an accurate positioning. A pneumatic ram inside the
cask pushes down on the shield plug to seat the O-rings tightly. Then a lead shield skirt is
pneumatically lowered down to the top shield surface. A gas lock at the lower end of the
cask, where the seal has been made to the shield casing, is then evacuated by means of a
vacuum pump. After verification of a gas-tight seal, helium is admitted into the cask, and
the cask is pressurized to 3 psig. The exhaust of the vacuum pump is connected to header
506 in the reactor building through a flexible hose connection. Normally, header 506 is
connected to the suction tank, and any gases collected during operation of the fuel

handling cask are drawn into the holdup tanks by the waste gas compressors.

Once the pressure is equalized between the reactor cover gas and the fuel handling cask,
the planned operation is ready to be performed. If a fuel assembly is to be removed, for
example, one of two grappling devices is lowered and attaches to the fuel assembly’s

shield plug. After latching onto the shield plug, the plug and assembly are lifted up into
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the cask. A rotating device in the cask turns 180 degrees to store the old assembly while
simultaneously placing the new assembly in position for insertion into the core. Each
assembly is attached to its own individual shield plug, and records are kept so that each
assembly’s location in the core may be checked by referring to the shield plug number
assigned to that assembly. After the new assembly is placed in the core, the grappling
mechanism is retracted into the cask, and the pneumatic latching device then presses
down on the O-ring seal, and evacuates the cask again to purge any radioactive gases.
Fresh helium is drawn into the gas lock. The lead skirt is raised, and the gas lock seal is
broken to the shield casing. The cask is now free to transport the assembly to the fuel

storage area, or to move to a new position. R 6 11]

2.3.2. Radieactive Vent Systems

Gases used for cover gas in sodium systems, such as the reactor and fuel assembly wash
cells, are potentially radioactive. The design of the SRE was to collect all such gases in a
tank, compress the gases and put them in a gas holdup tank until they had decayed
sufficiently to allow discharge to the environment. The radioactive vent system is
designed to collect such gases, and collects all potentially radioactive gases from the

plant.

A schematic diagram of the Vent Gas System is shown in Figure 2.13. The Vent Gas
System, actually consists of two separate systems upstream of the suction tank. Helium
cover gas is used for all areas that might be directly exposed to a free sodium surface. A
nitrogen cover gas is used for all areas that required a cover gas, but is not in direct

contact with sodium. [Ref- 1%

Figure 2.13 is a simplified diagram of the vent system as it existed in July, 1959, as could
best be determined from available records. Appendix B contains the main figures from
which Figure 2.13 was derived, together with excerpts from operating procedures and
valve lists for the vent system and documents that provided abbreviated diagrams of the

system.

The helium supply system supplies helium to all components and systems that contain
sodium or can potentially come into contact with sodium used in the reactor. The

nitrogen supply system provides nitrogen to all other components and systems that must
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The waste gas vent system collects, directs and removes gas from two sources - those

that are “probably” contaminated, and those which are “possibly” contaminated. The vent

gas headers are separated according to their potential contamination. The gas sources

were described as follows:

[Ref. 15]

A. Normally Containing Radioactivity

*

*

*

*

Reactor and primary fill tank cover gas

Primary system cold traps and vents

Cleaning cell vents

Fuel Handling Cask service connections

Radioactive liquid waste holdup tank vents

Hot cell radioactive gas service connections

Hot trap vents

B. Normally Non-radioactive

¢ Primary system pump vents

¢ Reactor Drain line freeze trap vents

¢ Helium supply system relief valves for following:

Block valves

Double walled pipes
Control & safety rods
Disposable cold traps
Core tank cavity

Main & aux piping and equipment

¢ Nitrogen supply system relief valves as follows:
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»  Main & auxiliary primary system galleries
* Fill tank vault
* Disposable cold trap vault
* Insulation cavity
Nitrogen System Gallery atmosphere discharge
Insulation cavity vent (normally closed) |
Core tank cavity vent (normally closed)
Block valve vents (normally closed)
Double walled pipe vents (normally closed)

New fuel storage cells

The Vent Gas System consists of five major headers, the vent compressor area, and the

waste gas decay tanks. Each portion of the system is described below. It is suggested to

refer to Figure 2.13 for an understanding of the vent gas system.

2.3.2.1. Header 492

Header 492 is the relief valve collection header for all primary systems using helium in

the pressure control stations.**" ¢ Relief valves are provided to prevent overfilling of the

blanket gas in various components and areas. Header 492 is connected to the following:

*

*

reactor insulation cavity relief valves,
core cavity relief valves,

primary cold trap relief valve,

auxiliary double wall pipe relief valves,
safety rod relief valve,

shim rod relief valve,

main double wall pipe relief valve,
main gallery relief valve,
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¢ primary fill tank vault relief valve,
¢ sodium service vault relief valve,
¢ auxiliary gallery relief valve,

¢ NaK system relief valve.

Some system vents may also be opened to Header 492 via manually operated valves
during initial startup operations. These valves are normally closed during power
operation. When the vent is opened, there is helium flow through the supply system.
When the vents are closed, there is no longer any gas flow through the system, and the
system is confirmed closed. Header 492 also is used to vent the following components

via manually operated valves:
¢ reactor insulation cavity vent,

¢ core tank cavity vent,

L 2

Valve V104 vent,

*

auxiliary double wall pipe vent,
¢ main double wall pipe vent,

¢ hot trap A&B freeze trap vents,
¢ primary cold trap vent.

Header 492 is divided into two sections in the reactor building — the high bay branch
header (490) and the secondary branch header (489). These two headers join Header 492
at the northwest corner of the reactor building which continues underground to the
compressor suction tank. North of the primary fill tank vault, branch header 375 (gallery
and primary fill tank vault relief valves) joins Header 492.

A main block valve, V492C, is installed in Header 492 before the suction tank and is
located in the valve pit south of the compressor vault. The block valve is used to isolate
Header 492 from the suction tank when the reactor is not operating. Normally, the block

valve is open when the reactor is at power.
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Header 492 normally does not have flow through the pipe, and is provided as a pathway

for the relief valves to vent to the suction tank when the reactor is at power.
2.3.2.2. Header 497

Header 497 is the header that services the reactor cover gas and primary fill tank
atmospheres. Vent line 496 connects the primary fill tank to the reactor cover gas volume

through a vapor trap, and contains isolation valve 496. Valve 496 and valve 137 are

normally open during power operation, R 1% €]

Header 497 is connected to the following:
¢ Reactor and primary fill tank cover gas
¢ Primary fill tank relief valves and vents
¢ Primary system cold traps and vents
¢ Hot trap vents

+ Disposable cold traps and vents

2.3.2.3. Header 506

Header 506 serves as a vent for the liquid waste system and also the reactor high bay area
four vent connections for the fuel handling machine. The four vent connections are
located on the east and west side of the loading face, west of the storage cells, and south
of the wash cells. From the wash cell area, the header goes underground to the
radioactive sump tank, and terminates at the compressor suction tank. It is connected to
the bottom of the compressor suction tank, since it serves as a drain for the suction tank

and compressor system. "t 6]

Header 506 is connected to the following:
¢ Fuel Handling Cask service connections
¢ Liquid waste vents

+ New fuel storage cells
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¢ Cleaning cell vents
¢ Radioactive liquid sump tank vent
+ Compressor suction tank drain (normally closed)

Header 506 has a bypass around the waste gas suction tank such that vent gases may go
directly to the stack. An inline radiation detector monitors for radioactivity, and a
solenoid valve diverts any radioactive gases to the suction tank and subsequently to the

waste gas holdup tanks if the gases exceed a preset limit.
2.3.2.4. Header 520

Vent Header 520 is the vent header for the disposal of radioactive gases resulting from
hot cell operation. This header is closed unless the hot cells are in operation. Opening and
operation of the hot cells requires the approval of the shift supervisor, and is controlled

by procedure SRE-415.

Header 520 had no impact or involvement with the fuel damage incident of Run 14.

2.3.2.5. Header 526

Header 526 is the vent header for the helium supply system. It provides for relief of the
main primary piping helium pressure control stations and the auxiliary helium pressure

control stations.
Header 526 was not involved in the events associated with Run 14 of the SRE.
2.3.3. Waste Gas Compressors and Decay Tanks

Gases that are considered potentially radioactive, e.g., headers 492 and 497 are routed to
a "suction tank" located approximately 170 feet north of the reactor building in a shielded
pit. Rt 1 A5 shown in Figure 2.13, two compressors take suction on the suction tank and
force the gas into one of four decay tanks. The suction tank is maintained at a negative
pressure of -1.5 to -4 psig, so that it provides sufficient vacuum to always induce flow
from the connected headers. The negative pressure also ensures that any leakage is into
the vent system. Should the compressor tank start to lose vacuum, one or both

compressors automatically start. If both compressors cannot maintain vacuum, and the
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pressure reaches a pressure of -0.3 psig, an alarm sounds (BHPA602) in the control

room. [ See Dwgs. Appendix B]

The compressors operate individually, but are set to switch duty so that each compressor
operates an equal amount of time. By selection of valves, the operators may choose
which holdup tank the compressors will fill. Each holdup tank holds 2700 standard cubic
feet of gas at 100 psig. The tanks are monitored by health physics personnel, who sample
the contents, and when the radioactive gases have decayed to a sufficient level, a
calculation is done to determine the release rate for the tank, and the tank is then vented

to the atmosphere via the plant stack.
2.34. Plant Stack

The plant stack is the release point for the vent system, including the decay tanks. The
stack is 3 feet in diameter. When venting a decay tank is required, the tank is vented
through line 537, as shown in Figure 2.13. The rate of discharge is monitored and a
25,000 cfm dilution fan further reduce the concentration of gases released to the
environment. Records indicate that the normal release rate from a decay tank is 145 cubic
feet per hour (approximately 2.5 cfm)™* 2] Lower flow rates may be used if the activity
is higher.

The gas in the stack is also monitored for radioactivity by a radiation detector which
draws a small flow out of the stack and checks the level of radioactivity. Preset limits are
built into the detection system, and if the limits are exceeded, the system closes solenoid
valve SV-604, which terminates the discharge from the decay tank. The limit for the
stack monitor is 5.0x10” uCi/cc " #*! The monitoring point is 12 feet above the vent

line entry point.

The original design of the SRE vent system included the capability for individual vent
lines to go directly to the stack, and radiation detectors in the individual lines would
automatically divert the flow from the stack to the suction tank if radioactivity was
detected in the vent. The problem with this design was that when such a signal was
received, the solenoid valve required to open to the suction tank would stick closed, and
the venting would be terminated. Relief valves were then added to the vent system, to

prevent overpressurization of a vent line when the vent line was being filled by operation
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of the helium/nitrogen supply system and the solenoid valve failed to open. In December,
1957, recommendations were made to install a bypass line around the radiation monitors.
With the bypass open, the alignment of the vent lines in “Category A” discussed in
Section 2.2.2. were to the suction tank.®* ' The problems with the automated vent
system were thus solved by the administrative directive that all vent headers were to be

aligned to the suction tank for normal operation, Ref >7851 1.13,14.16,28]

2.3.5. Reactor Building Ventilation

The reactor building ventilation system is designed to move air toward potentially
contaminated areas. This is accomplished by keeping the hot cell area and the reactor
high bay area pressure more negative than the contiguous air spaces, such as the
conference room, control room and administrative offices. Makeup air is brought in from
the outside, combined with recirculated air in the offices and control room to maintain a
positive pressure with respect to the potentially contaminated areas. Independent of the
makeup air to the administrative areas, 5 air changes an hour are brought into the high
bay area through roughing filters in the low bay roof and is discharged into the high bay
volume. The two high bay supply fans are rated at 7500 scfm and are equipped with
dampers to maintain the negative pressure required. Two Exhaust fans in the high bay
area are located on the reactor building roof, and draw air out of the building at 12,000
scfm each. Interlocks in the ventilation system prevent the supply fans from starting
unless the exhaust fans are already running, in order to prevent pressurization of the

reactor building.

The original design included filters on the reactor building roof to remove particulate
material, but the system was continually compromised by water vapor collecting in the

filters. The filter system was eventually bypassed entirely.

The high bay area ventilation exhausts directly to the environment, and not through the

plant stack.
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Figure 2.2 SRE Reactor Building View
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3. Sequence of Operating Events Prior to Run 14

Operation of the SRE has been described by specific periods of operation of the reactor
called “Runs”, which were planned experiments with defined objectives. The overall
objective of the SRE was to demonstrate the feasibility of a sodium-cooled reactor as a
heat source for generation of electricity. Another objective was to gain experimental data
and operating experience on natural uranium fuel and various uranium alloys. Table 3.1
shows a summary of the SRE power history, including dates of operation and irradiation

history of the core.

A reactor is said to be “critical” when the uranium fission process in the core produces as
many neutrons as it loses by various processes, and the fission process becomes self-
sustaining. This milestone for the SRE was reached for the first time on April 27, 1957.
At this point in the operational history, the reactor was not producing any power, but

experiments and startup testing of the instrumentation and calibration of control rods was

begun.Ret 2]

3.1. Power Runs 1 through 7

Power Run 1 has been defined as the period July 9, 1957 to July 15, 1957. During this
period, various reactor measurements were made, including measurements of the effect
of temperature changes on the reactivity of the fuel. Testing of the emergency shutdown

procedures were also conducted, called “scram” tests.

Power Run 2 (July 15, 1957 — July 26, 1957) dealt with filling the secondary sodium loop
and connecting the electrical plant to the reactor plant. The SRE had a turbine-generator
that could be operated by steam produced by heat from the reactor. The steam plant was
operated by Southern California Edison, and first produced electricity on July 12, 1957.
Following this experiment, the reactor was shut down until November, 1957.

Modifications were made to the systems during this time. ® %
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Table 3.1 Summary of SRE Power Operation

Power Time Interval Operating | Average Total Total
Run Days Thermal | Irradiation Irradiation
Power (MWD) Accumulated
MW) since Startup
(MWD)
1 07/09/57 —07/15/57
2 07/15/57 - 07/26/57 5.7 3.93 22,6 22.6
3 11/07/57 — 11/29/57 12.6 6.20 78.2 100.8
4 05/21/58 — 05/28/58 133 8.73 116.2 217.0
5 07/18/58 — 08/04/58 11.5 17.7 203.8 420.8
6 08/08/58 — 09/01/58 220 17.9 394.0 814.8
7 09/08/58 — 09/25/58 17.2 17.8 306.0 1120.8
8 11/29/58 — 01/29/59 37.0 16.15 597.8 1718.6
9 02/14/58 — 02/26/59 11.5 11.0 126.5 1845.1
10 03/01/59 - 03/07/59 0.6 5.3 3.1 1848.2
11 03/13/59 — 04/06/59 23.6 12.4 293.5 2141.1
12 05/14/59 — 05/24/59 9.7 15.9 154.3 22954
13 05/27/59 - 06/03/59 6.6 17.3 1143 | 2409.7
14 07/12/59 - 07/26/59 142 1.1 16.1 24258

Power Runs 3 -7 also dealt with operation of the reactor/steam turbine operation. Electricity was

produced during July and November 1957, and May '1958. Much of the time spent during Runs 3 — 7
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involved reactor physics measurements. At the end of Run 7, September 25, 1958 , the
reactor had accumulated a total irradiation of 1120.8 MWD. B<t2l ( A MWD is

equivalent to the fissioning, or burnup, of 1 gram of Uranium 235.)
3.2 Power Runs 8 through 12

Run 8 (11/29/58 — 01/29/59) was marked by problems with oxide content in the primary
sodium loop. During the time interval between Run 7 and the beginning of Run 8, the
primary sodium was pumped back and forth several times between the primary loop and
the primary fill tank. The fill tank was known to contain large amounts of sodium oxide.
[Ref. 2 pe 1] These pumping and mixing operations resulted in the introduction of sodium
oxide into the primary system. Sodium oxide is a very fine whitish-greyish solid, which is
twice as dense as pure sodium. Eighteen fuel elements were removed from the reactor,

examined in the SRE hot cell, and reinstalled in the reactor for continued operation, R¢f-2

pg.ll-1]

Normally, the difference in temperature between core inlet and outlet primary sodium is
around 100°F. At the beginning of run 8, some of the exit temperatures were abnormally
high as compared to the core inlet temperature, which was around 460 °F. The expected
core exit temperature should have been around 560 °F; instead, some were recorded as

high as 800 °F and as low as 415 °F, which was below the core inlet temperature, Rf 2]

The fact that the core exit temperature thermocouples recorded a temperature at the core
exit that was lower than the core inlet is an indication that the exit temperature recorders

were not working correctly, possibly due to oxide buildup.

The operators attributed the wide spread in temperature differences to flow blockages in
the coolant channels caused by the high oxide content of the sodium. The reactor was
shut down, and the sodium coolant was passed through a fine mesh filter called a “cold
trap” to reduce the sodium oxide content. On December 12, 1958, the fuel assemblies
from channels 9 and 10 (which had been running hot) were removed from the reactor and
washed. It was noted that both assemblies had a black residue on their surface before
washing. [Ref-21 Washing the fuel elements proved to be a successful method for

improving the temperature problems that they were experiencing.
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Reactor operations were resumed at low power (1-2 MW) until December 18. The
operators found that raising the reactor power level, and thereby the inlet temperature,
was also effective in bringing the temperature differences back into an expected range.

This was due to the sodium oxide going back into solution at the elevated temperatures.

The operators also found that moving the fuel assemblies up and down about 1 inch or
less in the process tubes also had a beneficial effect on the outlet temperature. Movement
of the fuel channel apparently had the effect of dislodging any foreign material from the
fuel element and the orifice plate of the fuel assembly.

On December 18, reactor power was increased to 12 MW. Primary sodium flow rate was
increased to help maintain more even outlet temperatures across the reactor outlet. On
December 19, reactor power was increased to 14 MW, and continued at that level for

several days. The reactor was shutdown on December 23, to inspect fuel elements. F 2!

Reactor operations were resumed on December 27, after washing 15 fuel elements. A
power level of 20 MW was attained on December 28. The operators continued the

practice of moving the fuel elements to dislodge particles causing flow blockage.

The fuel channel exit temperature problem continued to improve through the remainder
of Run 8, until the planned exposure of 600 MWD was achieved. On January 7, a core
cover gas sample was obtained and analyzed. It was at this time that the first evidence of
tetraline in the primary sodium loop was found. The account of this discovery was

reported as:

“On January 7, a sample of the core cover gas was bubbled through
cyclohexane and the solution analyzed. Napthalene was identified,
indicating that tetralin had entered the primary sodium at some earlier
time. Prior to this analysis, the presence of tetralin in the primary system
was not suspected. The only known tetralin leak prior to this occurred in
June 1958 when a crack was found in the bearing housing casting of the
main primary pump. It is not known if any tetralin had entered the primary

sodium at that time.” ¢ 2 P& 1131
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Power Run 8 can be summarized as being a period when reactor operations did not go as
expected. The introduction of sodium oxide into the primary loop with some introduction
of tetralin into the primary system caused outlet temperatures at the reactor core to vary,
indicating some interference with heat transfer was taking place. The flow blockage was

not sufficient to cause automatic reactor scram, or any apparent fuel damage.

Following Run 8, more fuel elements were removed and washed, and the primary sodium

was processed through cold traps to get the oxygen level down to less than 5 ppm.

Run 9 (February 14 — February 26, 1959) was marked by core exit temperatures being
higher than expected. Run 9 was carried out at power levels of 18-20 MW. Reactor
shutdowns were done on February 16 and 18 to wash some fuel assemblies. The expected

burnup of 125 MWD was achieved and the run was terminated on February 29.

At the end of Run 9, the fuel assembly in core channel 56 was removed and examined.

The orifice plate had a thin black deposit, indicating the presence of an oxide.

Run 10 (March 6 — March 7, 1959) was conducted as part of a test on a uranium oxide
fuel assembly. UO, fuel later became the standard fuel design for light water reactors in

the United States. There were no unusual circumstances noted in this brief run.

Run 11 (March 16 to April 6, 1959) still showed some problems with core exit
temperatures during the period March 16 through March 20, while the reactor was at low
power levels. Beginning March 20 through March 23, the reactor power was increased to
20 MW, and continued at that level until problems with the primary sodium flow caused
several reactor scrams. The problem with the sodium flow was traced to introduction of
helium into the primary sodium coolant, causing the primary sodium pumps to cavitate.

[Ref- 2pp 141 The reactor was brought back to 18 MW on March 28.

A reduction in the temperature differences was noted toward the end of Run 11. During
the shutdown following Run 11, 21 fuel assemblies were visually examined with a
television camera mounted in the fuel handling cask. All 21 assemblies were found to be

in good condition and were returned to the reactor.

Radiation levels in the main sodium galleries had increased during Run 11, but were not

50 high as to prohibit maintenance work from proceeding. ™ 278 ™3] The increase in
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radiation levels was due to buildup of fission products in the cold traps, which are very
fine mesh filters used to remove particulate material from the sodium coolant. The
increase in primary sodium coolant activity was not considered out of the ordinary after

operating the reactor for the length of time that Run 11 consumed.

Run 12 (May 14 — May 24) was completed without incident. On May 22, a high
temperature run was conducted in which the reactor outlet temperature was increased to
1065 °F for a period of about 1 hour with a power level of 6 MW. Following Run 12, a
core cover gas sample was taken and was analyzed to be 1.7 x 107 pCi/ce. Xenon
activity had been noticed after lengthy runs and was not considered abnormal, but due to
pinhole leaks in the fuel cladding, Bt # or possibly “tramp” uranium in the primary

sodium.
3.3. Power Run 13

Although the fuel damage incident occurred during Run 14, certain events took place
during Run 13 which were directly linked with the operational problems that occurred
during Run 14.

3.3.1. Temperature Effects

Power Run 13 covered the time period May 27 to June 3, 1959. Following the end of Run
13, there was a shutdown of approximately a 39 day period before the start of Run 14,
which began on July 12, 1959. Power Run 13 was planned to follow the same power
history as Run 12, and achieve a burnup of 150 MWD. The run proceeded without
incident until near the end of the run, when on May 29, a scram occurred due to an
abnormal sodium flow rate. The reactor was restarted and returned to normal operating
conditions until 9:00 AM on May 30. At that point, several deviations from normal

operation started to occur. They were identified as:

“a) The reactor inlet temperature started a slow rise from 545 °F to 580 °F .

The rise was very slow, extending over a period of about 3 days.

b) The log mean temperature difference (LMTD) across the intermediate
heat exchanger started to increase which indicated impaired heat transfer

characteristics. A rather sharp increase in LMTD occurred on June 1.
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c¢) A thermocouple located in a fuel slug in the element in core channel 67
showed an increase from 860 °F to 945 °F. This change started at 0840 and
ended at 0900 on May 30. A similar thermocouple in the fuel clement in

core channel 36 did not show a corresponding increase.

d) Some of the fuel-channel exit temperatures showed a slight temperature

increase of about 10 °F.

e) The moderator delta T chart shows an abrupt jump of about 30°F at
2230 on May 30. The chart shows fluctuations of about 18°F for the 4

hours immediately proceeding. Prior to this, it had been quite stable.

f) The temperature indicated by a thermocouple in a probe located in
corner channel 16 showed fluctuations of about 30°F. A few hours later,

this temperature settled down to a steady value.

g) Although it was not noted at the time because the reactor was on
automatic control, an examination of the record of shim-rod position
(made after run 14) showed that a shim-rod motion corresponding to a
reactivity increase of about 0.3% had occurred. This change in reactivity
was gradual and extended over a period of about 6 hours. Following this
the reactivity showed a steady increase of about 0.1% over the next three

days of operation, « [Ref-2 pp-I1-7]

The log mean temperature difference (LMTD) is a term used to provide an indication of
the thermodynamic performance of the heat exchanger. This difference is normally about
75-80 °F R 2] for the intermediate sodium heat exchanger, and an increase in this
difference is an indication that something is interfering with heat transfer. The
implication is that the same problem might be occurring in the fuel channels as well. Poor
heat transfer in the core may lead to excessive fuel heating and possible damage to the
fuel. Figure 3.1 shows the log mean temperature difference as recorded for the period
May 30 through June 2.

Figure 3.2 shows the fuel channel 54 exit temperature for the period May 27 through June
2. The design temperature outlet temperature is 1000 °F for the SRE. The outlet
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temperature of the fuel channels is measured at the top of the fuel channel. Since the
temperature of the coolant is always less than the fuel temperature when the reactor is
operating, we can infer that the fuel temperature must be somewhere around 80 to 100 °F
higher than the coolant. Although the temperature was elevated beyond normal levels, no
evidence was found that fuel damage actually occurred during Run 13. Inspection of the
decay tank samples after Run 13 showed activity on the order of 10™* pCi/cc, which was

not considered out of the ordinary.
3.3.2. Tetralin Contamination

Previous experience with tetralin leaks in Run 8 helped identify the problem with heat
transfer that was identified in Run 13. Tetralin is a clear colorless liquid that is a very
good solvent. Tetralin has a boiling point between 405 and 420 °F.F* 27 Tetralin
decomposes at temperatures in the range of 800-850 °F. Decomposition products include
hydrogen, napthalene, and carbon.®*PP V"Bl Carbon may go into solution up to its
limit of solubility, and then exist in small particles that are suspended in the sodium

coolant.

The best estimate of the time that the tetralin leaked into the system was from May 30

until June 3, the time of reactor shutdown for Run 13. It was estimated that

“the total tetralin leakage during and following run 13 was 1 to 10 gallons
corresponding to 8 to 80 1b. Since tetralin is 90.9% carbon and 9.1%
hydrogen, this corresponds to a range of about 7 - 70 Ib of carbon and 0.7 -
7 Ib of hydrogen.”Fe" 3]

The operators recognized the problem of tetralin leakage, partly from their experience
gained from the leakage that occurred during Run 8, and also to the odor of tetralin
detected in the pump casing of the main primary sodium pump. Run 13 was terminated

on June 3, 1959,

On June 12, after a period to allow Na* to decay, the primary pump was removed. A
small leak was discovered in the wall of the thermocouple well of the freeze gland seal of
the pump. ®< ! Plans were then made to remove the tetralin to restore the heat transfer

capability to design conditions.
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3.3.3. Wash Cell Incident

Following the shutdown of the reactor after Run 13, 17 fuel elements were removed from
the reactor and were visually examined with a television camera mounted in the fuel
handling cask. The assemblies were found to be “dirty” but otherwise in good shape. The
fuel assembly from core channel R-56 was removed and placed in wash cell “B” for
cleaning and examination. During this process on June 4, the wash cell was evacuated
and approximately 18 gallons of water were introduced into the cell. The fuel handling
cask had been moved to its next position in the storage cell area, and the hold-down clips

on the shield plug in wash cell B had not been installed.

A sodium-water reaction occurred, which caused a pressure surge, which severed the
hanger tube and lifted the shield plug and hanger tube approximately 18 feet into the air.
The shield plug/hanger tube came to rest between wash cells “B” and “C”. Operations
personnel turned off the supply and exhaust fans in the high bay area while a survey was
being made. The fans were turned back on a few minutes later, and the high bay filters

were placed in service. R 17

The wash cell vent line was closed at the holdup tank storage area, since the ventilation in
the wash cell was pulling air through the open shield plug opening at the top of the wash
cell. An air sampler was placed in the vicinity of the wash cells in the high bay area, and
an activity of 3.0 x 10® uCi/cc was measured. Plastic sheets were placed on the floor of

the high bay area to prevent recontamination of the floor during cleanup operations.

No further washings of fuel assemblies were conducted. The wash cell incident was
essentially over by June 8. It was determined that hydrocarbon deposits (from the
breakdown of tetralin) clogged the drain holes on the hanger rod, preventing the sodium
to drain out of the tube when it was removed from the reactor. B 1"!®1 The hanger rod is

located at the top of the fuel assembly, as shown in figure 2.10.
3.3.4. Removal of Tetralin

Plans were made to bubble nitrogen gas through the primary sodium in order to remove
the tetralin. The same procedure had been used during Run 8 to clean the secondary
sodium fill tank. In preparation for nitrogen gas purging of the primary sodium, the
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helium cover gas had to be replaced in order to remove any radioactive gases. Sample
data from the holdup tanks indicate that the cover gas was vented to the holdup tanks on
June 2, 3, and 4™ .

The Interim Report Rt 2! jdentified the pathway for nitrogen injection as follows:

“Seventeen elements were removed from the reactor and the sodium level
in the upper pool was lowered to about 6 inches above the moderator cans.
The nitrogen stripping operation began on June 17 and continued until
July 5 with 26 fuel elements remaining in the reactor. The sodium
temperature was 350 °F at the start and was raised to 425 °F by the end to
enhance the removal of tetralin. Nitrogen was admitted to the system
through the primary pump casing, passing through the heat exchanger, and
then into the bottom of the reactor; 400,000 ft> was used.”

There is no mention in any of the available reports as to how the nitrogen was collected,
other than it was discharged from the reactor through the vent system. Operating
procedures were reviewed, and an assessment was made as to the most probable method
of venting the nitrogen, given the fact that some of the fuel assemblies were removed in
order to facilitate bubbling up through the core. A relevant fact is that the holdup tanks
show ventings to the environment during at least a portion of the period when nitrogen
purging of the reactor was taking place. Samples were taken of the holdup tanks from
June 17 through June 24, indicating that the pathway was from the reactor to the holdup
tanks, and most likely through the normal vent header 497. Following June 24, there is no
sample from the holdup tanks until July 1. From July 1 until the end of the nitrogen purge
on July 5, an additional 3 ventings took place, indicating that the valve alignment at that
time was to the holdup tanks. The sample data for the holdup tanks are provided in
Appendix C.

The added explanation in the Interim Report was

“The stripping process was terminated when no more impurities were
being removed. The system was then purged for 10 hours with 4700 ft’ of

helium and argon.”
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There were two holdup tank volumes collected on July 1, which would account for the
purging of the nitrogen with helium and argon. The above quote also gives an idea of the
purging rate for that particular alignment, which was indicated as 470 ft* per hour, or
about 7 cfim. If we assume that the stripping went directly to the environment for the
period June 24 until July 1, then 380,000 ft> must have been vented at a flow rate of
approximately 50 cfm.

Another possible scenario would be to vent to the holdup tanks only periodically, as it
would be prudent to assume that sampling of the release would be a requirement as per
procedure. In this case, the venting would be aligned such that samples could be taken
more frequently at first, since the concentration of radioactive gases in the exhaust stream
would be higher, and less frequently later on during the venting, after it was established
that releases were not exceeding limits for release to the environment. In this case, the
400,000 ft* would be vented intermittently to the holdup tanks over a 13 day period. This
equates to a flow rate of 20-25 cfm.

As mentioned above, 17 of the 43 fuel assemblies were removed for the nitrogen
stripping operation. This was done to enhance nitrogen flow through the core. The only
direct access to the cover gas over the core is via the fuel handling cask with a shield plug

removed.

While it cannot be determined with certainty the exact route that the vent gas followed
during the stripping operation, it is most likely that the fuel handling cask was situated
over a shield plug opening and the vacuum pump of the fuel handling cask was used to
transfer the nitrogen gas to the vent system. The fuel handling cask vents to header 506,
as shown in Figure 2.12. This pathway requires use of header 506 bypass when it is
directed to the environment via the stack. This can be accomplished by closing solenoid
valve SV-607 and opening SV-608. This provides a short and direct pathway to the stack,
and allows periodic sampling of the nitrogen gas by diverting the flow back to the holdup
tanks. No other system valving needed to be changed to accomplish the venting.

After termination of the venting and insertion of the shield plug into the face shield, as
per the procedure for operating the fuel handling cask, the vent header valve (504G-1,
west side of face shield, or 504G-2, east side of face shield) was closed in the high bay
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area, and the flexible hoses to the fuel handling cask were removed. It is possible that the
solenoid valves SV-607 and SV-608 were left in the bypass position, since the
arrangement described above was not a normal operational alignment. Normally, vent

header 506 is aligned to the decay tanks via the suction tank.

3.3.5. Nitrogen Contamination

On July 30, 1959, the minutes of the Ad Hoc Review Committee contained the following

statements:

“...The nitrogen was introduced by putting it through the [primary] pump
and forcing it into the bottom of the reactor. The nitrogen content was not
measured. Calculations were made, subsequently, so that enough helium
would be bubbled through the core to purge and reduce the nitrogen
concentration to 4%. This is considered acceptable for continued

operation.” [Ret19)

Both the Interim Report and the Final Report 523 discuss the metallurgical effects of
the introduction of nitrogen into the primary sodium system, and do not mention a very
important aspect of the nitrogen stripping operation — the production of N'¢ through
activation by neutron absorption. The half-life of N is very short, on the order of 7
seconds, and is not important in normal circumstances when there is no access above the
reactor vessel during power operation. However, even with the reactor at low power, any
leakage of gas from the 81 shield plugs at the loading face would cause the background
radiation levels to increasesignificantly. N'¢ decays to O'®, which would react with the
sodium coolant to produce sodium oxide - the problem experienced with heat transfer and
flow blockage during Run 14. The neutron flux in the cover gas was estimated to be high

enough to cause activation of N'° to N6, [Refs. 41, 44]

Apparently, at the time of the SRE, the N'¢ activation problem had not yet been
discovered, or was not well known. A few years later, when experiments were being
conducted on light water reactors, the discovery was made of N'® generation. In light
water reactors, as reactor coolant travels through the core, there is some radiolytic

decomposition of water, producing O'® and free hydrogen. N' is produced by the
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O'(n,p)N'® reaction in water with resultant beta decay, emitting very strong gammas 78

percent of the time. The gamma energies are 6.13 and 7.11 Mev.Ret- 201

3.3.6. Purging Cover Gas

Following the nitrogen purge, the cover gas had to be recharged with helium. Helium and
argon were used to purge the system for 10 hours to replace the nitrogen in the system.
[Ref. 2. pp I0-8] 1 jke nitrogen, argon also undergoes activation by neutrons, and becomes
Ar*!. Argon-41 has a half-life of 1.83 hours with a gamma photon energy of 1.29 Mev.
[Ref. 20] The relative amount of argon that was added was not mentioned in the Al
investigation of the incident, but this may also have contributed to the radiation effects

that occurred during Run 14 with the activity problems in the high bay.

The holdup tanks are sampled just prior to venting to the environment. The records in
Appendix C indicate that the holdup tanks were sampled and discharged to the
environment on July 9%, 10% and 11% . Earlier ventings of the holdup tanks took place on
July 1% and July 3", indicating that the valve lineup of header 497 was to the suction
tank.
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4. SRE Fuel Damage Incident (Run 14)
4.1. State of Knowledge in 1959

The design and construction of the SRE was to gain operating experience using uranium
fuel in a reactor used to produce electricity. The fuel elements in the SRE design were
operating under untried conditions. Fuel design limits were based on theoretical limits,
not operational experience. Cladding materials were likewise untested, with little or no
operating experience. The Zirconium cladding on the moderator cans was later replaced

by a zirconium alloy, called “zircaloy”, which is still in use in today’s nuclear designs.

4.2. Initial Events (July 12-15)

The reactor was brought to criticality at 6:50 AM on July 12. The startup procedure
checklist includes checking that the suction tank compressors are on, and that the
compressors are aligned to a holdup tank, and that the holdup tank is holding pressure.
This is to ensure that radioactive gases will not be vented to the environment. The startup

checklist is provided in Appendix D.

The power increase was described as “cautious”, and reached a power level of 500
kilowatts at 8:35 AM. The operators made note of moderator temperature fluctuations of
about 10 °F, which were considered out-of-ordinary, but they expected problems with
temperature variations because of the tetralin contamination and their experience with
Runs 8 and 12. Some of the fuel channel exit temperatures, which should be close to one
another, started to diverge. This was an indication of either flow blockage in the fuel
channels or uneven heat transfer in some of the fuel channels. Power levels were kept
below 1 Mw during the morning until a reactor scram occurred at 11:42 AM. This

automatic shutdown was due to loss of auxiliary primary sodium flow. ®e2]

The reactor was restarted and brought to criticality at 12:15 PM. Over the next few
hours, the reactor was increased in power level, such that at 5:00 PM, the reactor was at a

power level of 2.7 MW.
4.2.1. High Bay Activity

At 3:30 PM, the two air monitors in the high bay area showed an increase in radioactivity

levels. The high bay area radiation levels are reproduced as Figure 4.1 for this time
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period on July 12. The data in Figure 4.1 was benchmarked to the statement in the
Interim Report that

“At 1620 it was noted that the filter from the air sampler showed an
activity level of 160,000 CPM.” [Ref. 2, (pg. I1I-10)]

With this data point established, it is possible to determine the times that other events
took place. For example, the air filter on the continuous air monitor was changed at 4:25
PM, and immediately went off scale when it was returned to service at 4:45 PM. It was

then removed from service until reactor startup was achieved at 4:40 AM on July 13.

When the continuous air monitor first started to increase at 3:15-3:30 PM on July 12, the
operators decreased the reactor cover gas pressure. A radiation survey was conducted
and it was determined that the most leakage was from the shield plug at core channel
position 7. The sodium level probe was installed in this position. This instrument
measures the sodium level in the reactor and displays the level to the operators in the

control room.

To reduce the leakage into the high bay area the decision was made to reduce pressure in
the reactor. This would take only a minute or two once the decision was made to do so.
It is logical to assume that the operators recognized the benefits of decreasing the leak

rate before conducting the radiation survey, so it is estimated that reduction of the

pressure by venting the cover gas to the holdup tanks took place between 3:30 and 4:00
PM.

Conducting the radiation survey would require a health physics technician to first dress in
anti-contamination clothing, put on and check a suitable respirator before entering the
high bay area. One of the first tasks for the technician would be to locate the source of
increasing radioactivity in the high bay. Once this was done, immediate plans could be
made to either stop or control the leak. The fact that the air sampler was changed at 4:25
PM supports the assumption that either additional personnel were already in the high bay
area or that they were ready to enter the high bay after the survey identified the leak. The
initial reading over the shield plug was 500 mr/hr. Ret2 PpIFI0]
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Faced with the immediate task of stopping the leak at core channel 7, the operators
decided to remove the instrument thimble from core channel 7 and replace it with a
standard shield plug. Removal of the instrument required use of the fuel handling cask.
Core Channel 7 is relatively free of obstructions since it is located near the edge of the
top shield, as a shown in Figure 2.9. The fuel handling cask (FHC) can be positioned
over this channel without removal of any other equipment on the reactor loading face.
When the cask is sealed to the loading face, the internal volume of the gas lock is vented
to header 506. A vacuum is drawn in the gas lock and maintained to verify that the seal
is complete. If the seal is incomplete, the vacuum is released, the FHC repositioned and
the vacuum drawn again. When it is determined that a good seal exists, i.e., no gas can
leak out of the chamber, the faulty shield plug can be replaced. Afier replacing the
shield, the cask is vented again before the seal is broken and the cask removed. The
radiation level near the FHC would be continuously monitored. At 5:00 PM, the
radiation survey was recorded as 25 r/hr at channel 7, which is consistent with removal of
the shield plug, since the opening to the cover gas would be unshielded at that point.
Once the solid shield plug was installed, the reading should decrease to “normal”

background if the leak were terminated.

In addition, at 5:00 PM, the stack monitor showed a “sharp increase” R 2P0 45 1 5 %
10 uCi/ce. This coincides with the operations that were being conducted in the high bay
area, and specifically with the probable time of the ventings of the FHC to purge the gas
lock. It is likely that the solenoid valve for header 506 was closed to the suction tank,
and aligned to the stack at the time. The stack monitor increase occurred approximately
one and a half hours after the first venting of the reactor cover gas between 3:30 and 4:00
PM.

It was noted at 5:30 PM that reactor shutdown was in progress, which takes less than 10
minutes. Once the reactor was shutdown, the short-lived N'® activity would cease, and
relatively normal conditions would exist. Since the reactor did not have sodium level
indication with the probe removed from core channel 7, the decision had been made to
install a manual level probe in core channel 50, which is near the center of the reactor.
Access to core channel 50 requires removal of the control rod drive motors to allow

sufficient room for the fuel handling cask to be positioned at this location. Moving the

4.3



TDR-DA/0502

fuel handling cask from core channel 7 required purging the gas lock volume several
more times before the cask could be repositioned over core channel 50. Once in place
over core channel 50, additional purgings of the cask would take place to install the new

sodium level probe. This process would take several hours.

The notation was made that

“At 2057 [8:57PM], the reactor was shut down, the drive units removed,

and the cask placed in operation,” et % pp10-10)

By 10:00 PM, the stack monitor had returned to normal. This is consistent with no more
ventings of the FHC, after completion of installing the manual level probe in core
channel 50. Startup of the reactor was begun at 4:40 AM on July 13, and no additional
problems were encountered at that time with leaks in the shield plug. The FHC was not
used again until July 15, when the operators removed the manual level probe from core
channel 50 and replaced the repaired standard level probe back into channel 7. This

coincides with the second occurrence of stack activity increasing intermittently.

At 9:00 AM on July 14, the high bay activity rose again. This time the problem was
traced to core channels 29 and 50. These two channels were repaired by placing seal
rings at the top shield, and by taping over locations where leaks were detected.
Radioactivity returned to normal by 2:00 PM on the 14",

The high bay activity continuous air monitors increase was measured at 3x107 pC/cc
after 15 minutes decay and 4.5x10® pCi/cc after 90 minutes decay. Rt 3?3, The decay
of the measurement indicates extremely short-lived radioisotopes, and is indicative of off-
gassing from the filter paper. The fact that activity levels returned to normal indicates the
presence of noble gas activity. The presence of “chemically reactive” isotopes, such as
cesium or iodine, would cause activity levels to continuously increase, and the high bay
area to become contaminated as plateout of radioactive isotopes occurred. No such

contamination occurred.
4.2.2. Reactivity Excursion

The SRE had been demonstrated to be a very stable reactor in all operational tests.

However, on July 13, the reactor began behaving erratically and fluctuating in power
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without the operators intentionally increasing power. To understand this event, it is
necessary to understand the physical significance of certain terms as they apply to reactor

physics.

When a reactor is in steady-state operation, at any power level, the neutron population
remains the same. There are just enough neutrons being absorbed by the U** atoms to
cause exactly one more fission by each neutron, thus making the reaction self-sustaining.
The number of neutrons, i.e., the neutron population, increases as the power level
increases. In order to increase power, the reactor needs more fission events to take place,
and the control rods, which absorb neutrons, are withdrawn from the core. This is also
called increasing “reactivity”, or insertion of “positive reactivity”. Likewise, a decrease
of power requires that the neutron population decrease and the rods go into the core to
reduce the number of neutrons. This is called “negative reactivity”. The neutron
population is not changing when the reactor is at steady state, although neutrons are being
absorbed and new fissions are taking place to replenish the neutrons that have been

absorbed or lost from the reactor.

When a reactor is at steady state, and positive reactivity occurs, the neutron population
will increase. The rate at which the population increases is measured by what is called
the “reactor period”, which is defined as the time required for the neutron population to
increase by a factor of 2.71828. This value is a number that defines the relationship of
exponential behavior of events that occur in nature, and has the universal symbol “e”.
Reactivity and reactor period are inversely proportional, that is, an increase in reactivity
causes the reactor period to decrease. A reactor in which the power is not changing has

zero reactivity, and the reactor period is said to be “infinite”.

On July 13, at 5:28 PM, the reactor was at 1.2 MW power, and the operators began an
increase in reactor power to interface to the turbine to produce electricity. The power
level began to increase faster than expected. The control rods were inserted slightly to
hold back the increase. At 6:07 PM, a negative period (decrease in power) of about 45
seconds was reéorded, and the reactor lost power to about 2.4 MW in 3 minutes. Control
rods were withdrawn to bring the power back to 4.2 MW, and the power rose to around 3

MW by 6:21 PM. At this time, the reactor power began to rise more rapidly, even though
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the control rods were being inserted. An event inside the reactor was causing a series of
positive reactivity insertions. Around 6:24-6:25 PM, a positive transient with a period of

7.5 seconds caused the operators to manually scram the reactor. [Ref-2ppTi-11]

An investigation of the power excursion was conducted after Run 14 was terminated.
The conclusion reached as to the reason for the excursion was that partial plugging of the
flow channels in several fuel assemblies caused boiling of the sodium in those channels.
The sodium boiling was caused by local overheating in the fuel channel due to partial

flow blockage.
One of the significant findings of the investigation was that:

“Calculations have been made which show that severe plugging in a fuel
channel can lead to quite high local temperatures in the fuel due to the
thermal insulation provided by the plug. It was found that at a reactor
power of 2 Mw the temperature of the hot spot on the surface of the fuel
rod that is insulated over 25% of its surface can be about 180 °F above the

local sodium temperature.” Ref- 2]

While it cannot be ruled out that some damage occurred to the fuel cladding or to the fuel
itself during the power excursion of July 13, the exit temperatures of the standard fuel
assemblies that were being recorded during this time period do not support temperatures
to cause significant fission product release from fuel. F*® %38 However, the temperature
records of the experimental fuel assemblies were not being recorded during this time

period.
4.3. Temperature Records During Run 14

The fuel damage that occurred during Run 14 was temperature driven, complicated by
coolant flow blockage. The flow blockage was caused by degradation products of tetralin
in the system. The final report of the fuel damage incident ** * identified thermal

cycling of the fuel through the uranium o — § transformation temperature and

subsequznt melting and formation of Fe-U alloys as the source of fission product release.

Alloys are made up varying amounts of two or more elements. Their properties relating

to the different physical states are described graphically in what is called a “phase
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diagram™. The phase diagram can be used as a “map” from which the phases at any
particular temperature of composition can be read for an alloy under equilibrium
conditions. Figure 4.2 is the phase diagram for Uranium-Iron alloy. The “eutectic” is a
temperature that represents the lowest temperature at which any liquid in the alloy can
exist. For the damaged fuel of the SRE, the alloy was approximately 11 wt.% Iron and

89% Uranium. At this mixture, the eutectic temperature is 1337 °F as shown in Figure
4.2, Rt 30

Above the eutectic temperature, a mixture of UgFe would exist until the temperature was
high enough for a complete liquid phase. Below 1337 °F, a solid mixture of Iron and
Uranium exists. When the eutectic temperature is reached, the uranium diffuses into the
iron since the uranium has the lower phase change temperature at this composition.
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Figure 4.2 Iron-Uranium Phase Diagram

All of the core channels containing fuel assemblies were monitored for sodium exit
temperature. In addition to monitoring coolant exit temperature, six of the SRE fuel
assemblies wefe equipped with two thermocouples that provided temperature
measurements of the fuel at different elevations. Figure 4.3 shows the fuel thermocouple
locations. Of the six standard fuel assemblies with thermocouples, only two were still

4-7
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operating by Run 14 and were located in core channels 43 and 67. Three experimental
assemblies had thermocouples, located in core channels 33, 34, and 55. The standard fuel
assemblies record their temperature response in the control room. The recorder for the

experimental assemblies was located in the high bay area of the reactor building. ™%

The normal temperature for SRE fuel is between 1050 and 1075 °F at 20 MW power.
The design temperature for the fuel is 1200 °F, based on some conservatism built into the

calculations.

The temperature response of the fuel thermocouples in core channel 55 is shown in
Figures 4.4 and 4.5 for TC09 and TC10 respectively. The two thermocouples in the fuel
assembly in core channel 55 are both above the midplane of the core. TC09 is located 9
inches above the midplane, and TC10 is 21 inches above the midplane of the core.
Figure 4.4 shows that at least a portion of the assembly was above the temperature
required to form a eutectic between the fuel and cladding. The recorder ran out of paper
on July 20, which is the reason for the missing data during that period. The maximum
temperature recorded at the end of the chart when the recorder ran out of paper was 1350
°F. The maximum temperature recorded by TC09 was 1465 °F on July 23. Most of the

damage to fuel assemblies occurred approximately 12 inches below the midplane. R

Figure 4.6 shows the temperature oscillations recorded for core channel 55 between 8:00
AM on July 22 and 8:00 AM on July 23™. The temperature oscillations are severe,
ranging 350 degrees from high to low. The thermal cycling eventually led to cladding
failure. The coolant temperature was also recorded as it passed out of the coolant
channel, and is shown in Figure 4.7. The exit temperature was significantly below the

fuel temperature during July 19-24.

The recorder for the experimental assemblies thermocouples were being repaired during
July 12-15, so there is not a similar trace available for the period of the reactivity

excursion. [’ 2

The reactor continued operation at low power until July 20". On July 19™ and 20", a test
was conducted to try to determine the effects of pressure on reactivity, as part of an

investigation into the causes of the power excursion.
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Beginning on July 20", the temperature of the coolant was increased in an attempt to put
the solidified particles back into solution. This was apparently due to the operating
experience gained during Run 8, and to the fact that the wash cell was unavailable. The
problem that was being addressed by the operators was that of poor heat transfer.
Although it was unknown at the time, the increase in power only increased the production

of N'®, thereby providing more oxygen to react with the sodium to form sodium oxide.

The neutron flux of the reactor provides an indication of power level. The relative power
level as a percent of full power (indicated by neutron flux) for Run 14 is shown in Figure
4.8. The reactor scrams are shown by the flux dropping to zero. The duration of the
shutdown is indicated by the time the power level/neutron flux remains at zero. As
demonstrated by Figure 4.8, the reactor experienced several scrams during the period July
16 — 26", after the reactivity excursion. Reactor power reached a maximum of

approximately 5 MW and was sustained there July 22-23, Ref- 2]

On July 24, an attempt was made to dislodge some of the material believed to be
interfering with heat transfer by “jiggling” some of the fuel assemblies. At this point, it
was noticed that the elements in core channels 10, 12, 35 and 76 were stuck in place.
During a similar operation on the evening of July 22, the assembly in core channel 10

was free. [Ref. 2 pp. I-17]

The coolant outlet temperature was gradually reduced to 510 °F around midnight on July
25™ and the cold trap was put into service. The cold trap is used to remove very fine

particulate material from the coolant.

The oxygen content of the sodium can be indicated by a device called the “plugging*
indicator. This device utilizes the temperature effect of oxide solubility for its operation.
A small flow of sodium is diverted to the plugging indicator just upstream of a flow
restriction, and the flow is cooled in a small heat exchanger. When the sodium cools, the
oxide will precipitate out of solution and plug the flow restriction. The plugging causes a
sharp change in the flow rate meter on the plugging indicator. Using a solubility curve
for oxygen in sodium, the temperature at which the plugging precipitates gives an

indication of the oxide content in the sodium. The temperature at which the sodium
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precipitates is referred to as the plugging temperature. The higher the oxide content, the

higher the plugging temperature. [Ref. 2, 6]

On July 25", when the cold trap was put into service, the plugging temperature was 455
°F, which is a relatively high temperature, indicating a high oxide content. Operation of
the cold trap reduced the plugging temperature to 350 °F on July 26™ at 7:00 AM. Fef-21

The reactor was shut down at 11:20 AM on July 26™ to examine the fuel elements that
had been running hot. A television camera in the fuel handling cask was used to examine
the fuel elements by pulling them up into the cask past the camera. On July 26 at 7:15

PM, the first damaged fuel element, core channel 25, was observed. [Ref. 2]

One of the fuel assemblies that recorded coolant exit temperature was the assembly in
core channel 54. A standard fuel assembly fuel temperature thermocouple was functional
in core channel 67. These data are shown in Figure 4.10, and serve to show the
magnitude of temperatures during the first part of Run 14 as compared to the last part of
the run when reactor power had been increased. Although the temperature was elevated
for a portion of time during July 15, the longest duration of elevated temperature, and the
time of temperature cycling recorded by core channel 55, was during July 22-24 while
the reactor was at approximately 5 MW. More of the core would have been near the
higher temperatures during July 22-24. This study concludes that most of the fuel damage
occurred during the July 22-24 time frame.

4.4. Fuel Assembly Examination

Beginning with the examination of fuel assemblies with the television camera on July
26", more detailed examination followed over the next few months after shutdown.
Figure 4.9 shows the location in the core of the fuel assemblies found to be damaged.
Appendix E provides a more detailed description of the damage found, as reported in the

Interim Report. [Ref. 2, Tablel11-5]

About one-half of the assemblies were broken in two below the midplane of the
assembly. Two were broken about one-third up from the bottom of the assembly, and
two were stuck in the core, (24 & 76), swollen to the extent that they moved the adjacent

moderator cans when pulled up from their position in the core.

4-10
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The assembly from core channel 24 was removed and examined in the hot cell. There

were four distinct features noted in the Supplemental Report [R¢f-3)

1. There was a solid plug of material about 12 inches up from the bottom
of the assembly, consisting of an Iron-Uranium alloy of near eutectic
composition, which had moved down the assembly from the region of
melt-through. The mass of this material was approximately 800

grams.

2. There was a region of Iron-Uranium melt-through about one-third of

the way up the assembly, and extending for several inches.
3. There was a region above the melt-through where the cladding had ruptured.

4. There was a region where a black spongy material had formed in the fuel

channel below the element, which was porous to sodium.

The spongy material was determined to consist of insoluble carbon and was soluble in

alcohol, indicating high sodium content.

Additional tests were conducted on fuel assemblies that were not damaged, and which
had been in the core during the high temperature runs of Run 12 and 13. The test found
these assemblies to be normal. Unirradiated specimens of uranium, similar to the SRE
fuel, were thermally cycled through the eutectic temperature between 900 and 1300 °F. It

was found that rapid cycling across the @ —  phase transformation temperature caused

the cladding to fail within 24 hours.
The ultimate conclusion of fuel damage was that there were two factors involved:

1.) thermal cycling across the eutectic temperature which caused the fuel

to swell until the cladding ruptured, and

2.) diffusion of uranium into the stainless steel cladding to form low-

melting alloys, which may have also caused cladding failure.

Both types of failure were caused by the plugging of coolant passages by decomposition

products of tetralin.
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Fugure 4.3 Location of Fuel Thermocouples
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Figure 4.9 Location of Damaged Fuel Elements
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5. Radiological Impact of Fuel Damage at SRE
5.1.  SRE Fuel Inventory

A material balance of the fission products released from the fuel must of necessity begin
with an accurate inventory of the fission products present in the fuel before fuel damage
occurred, or at least at some point in time that can be benchmarked to work done by the
original investigators of the incident. The core inventory of the SRE was calculated
using the ORIGEN2 computer code.®* 2! These data were compared to the fission
product inventory calculated by Hart, [Ref 4] and are shown in Table 5.1, below.

The fission product inventory was calculated using the power level and burnup history
for the SRE. R4l Average power levels were used for Runs 1-13, and actual power
levels as could be determined from the references for Run 14, The total burnup for Run
14 was compared to the calculations, and adjustments made to the calculations so that

short lived fission products would be computed as accurately as possible.

The differences between the two core inventories were investigated. The large difference
for Xe-133 was found to be inclusion of precursor radionuclides in the Daniel
computation, whereas Hart apparently considered only the single isotope. There were
some differences in half-life for somé of the isotopes, such as cesium. Some of the
differences were attributable to the fission yields used for individual isotopes.®e" 43741
The values of half-lives and fission yields have been improved since 1959. It is believed
that the Xe-133 inventory as shown in this report is the more accurate of what inventory
actually was present. Computation of multiple branching decay chains is a very
complicated process, and not easily accomplished by hand calculations as was done in

1959.
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SRE Core Inventory Comparison

Table 5.1

Isotope Hart Inventory | Daniel Inventory % Difference

Cs-134° 2.00 (2) f-

Cs-137 8.70 (3) 7.89 (3) 9
Sr-89 1.60 (5) 1.29 (5) 19
Sr-90 8.15(3) 7.80 (3) 43
I-131 1.68 (4) 1.92 (4) 14.3
Ce-141 1.27 (5) 1.22 (5) 4
Ce-144 1.69 (5) 1.54 (5) 9
Ru-103 7.52 (4) 7.18 (4) 4.5
Ba(La)-140" 5.61 (4) 5.54 (4) 2.3
Zr(Nb)-95" 5.53(5) 1.97(5) 9
Kr-85 1.10 (3) 9.82(2) 10.7
Xe-133 5.08 (4) 922 (4) 81
Xe-131M - 7.15 (2)

I-133 1.19(4)

I-135 2.35(3)

As of shutdown, 7/26/59 11:20 AM

* Estimated

f Not Computed — not fission product
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5.2. Damaged Fuel Inventory

A fraction of the inventory in the 13 damaged fuel assemblies is the only amount that could
have been released to the coolant and cover gas. The damaged fuel inventory was calculated
by proportioning the core inventory by the amount of burnup in the damaged fuel assemblies.
The burnup of each fuel assembly was given in references [Ref. 2. 2] and the fraction of total
burnup for each fuel assembly in the core calculated. The individual burnup for the damaged
fuel assemblies were then summed to determine the fraction of core inventory contained in
damaged fuel assemblies. These data are shown in Table 5.2. The percentage of damaged
fuel turned out to be 32.4 % of the total core inventory, which is the absolute maximum that
was available for release, since the remainder of the assemblies had no cladding failure at all.
The actual amount released would not be the entire inventory of the damaged assemblies, but
some fraction thereof, depending on the chemical characteristics and properties of the
individual fission products. The actual release from fuel occurred only from that fraction that

reached the eutectic temperature or the temperature of the a — # phase transformation.

The release fractions contained in this report are fractions of fotal core inventory, as is the

convention when describing the magnitude of release from fuel.

)



Table 5.2 Fuel Burnup Data
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Fuel Loading 297 MT
Total Bumup 2426 MWD

Reactor Fuetl Most Recent Total Burnup Total Bumup  Fraction of

Experiment # Location Type Damaged Inspection Date  Burnup MWD/T (MWD) Burnu
SU-1-5 R4 STD 05/03/59 581.100 49.578 0.020
SU-1-6 R-9 STD 07/10/59 440.700 37.600 0.015
SU-1-47 R-10 STD v 04/26/59 645,200 55.047 0.022
SU-1-8 R-11 STD 04/25/59 793.700 67.717 0.027
SuU-1-9 R-12 STD v 05/06/59 747.800 63.801 0.026
SU-7-1 R-19 uo2 05/09/59 462.700 39.477 0.016
SuU-1-11 R-20 STD 04/26/59 826.200 70.490 0.028
SU-1-12 R-21 STD v 04/26/59 853.000 72.776 0.029
SuU-1-13 R-22 STD 04/26/59 809.200 69.039 0.028
SU-1-14 R-23 STD v 04/26/59 801.300 68.365 0.027
SuU-1-15 R-24 STD v 02/07/59 303.500 25.894 0.010
SuU-140 R-25 STD v 04/26/59 708.900 60.482 0.024
SU-1-17 R-31 STD v 04/26/59 745.100 63.571 0.025
SuU-22-1 R-32 Th-U 02/07/59 447.700 38.197 0.015
SuU-2-1 R-33 STD 07/10/59 939.500 80.156 0.032
SU-2-2 R-34 STD 04/26/59 1117.000 95.300 0.038
SuU-1-10 R-35 STD v 04/26/59 543.200 46.345 0.019
SuU-1-27 R-36 STD 04/26/59 472.200 40.287 0.016
SuU-1-18 R-41 STD 04/26/59 734.200 62.641 0.025
SU-1-19 R-42 STD 05/03/59 963.900 82.238 0.033
SU-2-3 R-43 mxd v 04/26/59 1144.400 97.638 , 0.03%
SU-22-2 R-44 STD 05/09/59 463.300 39.528 0.016
SU-1-20 R-45 Th-U 07/10/59 876.200 74.756 0.030
SuU-1-21 R-46 STD 07/10/59 843.500 71.966 0.029
SU-1-22 R-47 STD 07/10/59 266.200 22.712 0.009
SU-1-23 R-53 STD 07/10/59 516.200 44.041 0.018
SU-1-24 R-54 STD 07/10/59 759.500 64.799 0.026
SuU-2-5 R-55 mxd v 02/06/59 732.800 62.521 0.025
SU-1-44 R-56 STD 07/10/59 593.200 50.611 0.020
SU-12-1 R-57 STD 05/12/59 100.800 8.600 0.003
SU-1-28 R-58 STD 07/10/59 867.800 74.039 0.030
SuU-1-29 R-65 STD 07/10/59 620.800 52.966 0.021
SU-1-30 R-66 STD 07/10/59 790.300 '67.427 0.027
SU-1-26 R-67 STD 07/10/59 511.700 43.657 0.017
SU-1-31 R-68 STD v 07/10/59 870.300 74.252 0.030
SuU-1-32 R-69 STD v 07/10/59 880.200 75.097 0.030
SuU-1-2 R-70 STD 07/10/59 324.100 27.652 0.011
SU-1-33 R-71 STD 07/10/59 671.300 57.274 0.023
SuU-1-34 R-73 STD 07/10/59 739.600 63.101 0.025
SU-1-35 R-74 STD 03/07/59 833.500 71.113 0.028
SU-1-36 R-75 STD 02/05/59 812.000 69.278 0.028
SuU-14 R-76 STD v 01/25/59 518.300 44 220 0.018
SU-1-37 R-80 STD 05/08/59 635.900 54.254 0.022
Damaged Fraction: 0.324
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5.3. Release From Fuel

Metallic uranium fuel such as that used in the SRE differs from oxide uranium fuel in that
there is no oxygen bound with the uranium, and therefore the fuel is much more dense.
The lack of oxygen in the metallic fuel affects the types of chemical compounds that can
be formed with fission products that are generated in the fuel. For this reason, one must
be careful to consider only those mechanisms that are relevant to metallic fuels when
computing a release from fuel. The release of fission products from the SRE fuel was
temperature driven (as the semi-solid uranium formed an alloy with the cladding) with -
the release occurring at elevated temperatures relative to normal operation. Following
the formation of the alloy, or simultaneously with the formation of the alloy, the cladding
was breached along some portion of the length of the fuel rod that formed the alloy. R
247 In some instances, cladding was ruptured as a result of fuel swelling, caused by

cycling through the a — # phase transformation temperature, R0

5.3.1. Release to Cover Gas

There are three mechanisms for release of noble gases with respect to the SRE fuel
failure. Two of these, diffusion out of the fuel and fission recoil, were investigated and
found to be so small as to be insignificant when compared to the release at the formation

of the iron-uranium alloy.

Thermal cycling was identified as a reason for cladding failure, by cycling back and forth
across the uranium phase change temperature. & 3% This occurred primarily between
July 22 and July 24. If one assumes fuel failure occurred in the middle of this period,
(July 23) the core inventories of Kr* and Xe'* in the damaged fuel assemblies are 982
curies and 1.15x10° curies, respectively. An iterative technique was then used with the
core inventory as of July 23 to determine the release fraction from fuel to be applied to all
noble gases. This resulted in a release fraction of 0.015 for both Xe'*® and Kr¥. A release
fraction of 1.5% is considered conservative for the SRE on the basis of the actual sample
data. A curie balance of holdup tank inventories was used to check the release data.

These release fractions were compared to those obtained by Hart et. al., as shown below:



Table 5.3 Gaseous Release
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Isotope * Hart' ** Daniel * Hart * Daniel
Release Fraction | Release Fraction Release (Ci) Release (Ci)

Kr-85 0.00018 0.015 0.2 14.3

Xe-133 0.00092 0.015 47 1265

* As of 7/26/59 ** As of 7/23/59

The release fraction is computed by dividing the released amount by the core inventory at
the time of release. The apparent disparity between Hart’s release fractions and those
presented in this report can be partially explained by the fact that Hart determined the
release fractions based on cover gas samples taken on August 12, after venting some of
the cover gas to the holdup tanks between the time of fuel damage and the actual sample
date, and then back-calculated theinventories to July 26. The decrease in power level at

133 such that it was less than the inventory

the end of Run 14 skewed the inventory of Xe
at the time of release (July 23), 9.2x10% vs. 1.15x10° curies. Although the fractions
removed by venting the cover gas were small as compared to the total volume, (~20-
25%), there were additional uncertainties in Hart’s fractions. Hart apparently used a
different cover gas volume than indicated by the dimensions of the reactor and fill tank
volumes. In fact, the volumes associated with the Hart Kr* release does not agree with
the Xe'* release, although it was stated that a “factor of two [was included] to account
for probable losses due to pressure manipulations.” [Ref- 41 However, the factor of two was
only applied to Xe'**. The core inventories also differ between Hart and this report for

Kr* and Xe'®. It was determined that Hart had not included precursor radionuclides for

Xel33.

The release fractions in this report are dated as of the time of release, July 23, and include
the amounts transferred to the holdup tanks between July 12 and 20™. The release
quantities (last column) from this investigation are decay corrected to July 26, for

comparison to Hart’s release quantities.

Figure 5.1 shows the release from fuel for noble gases as calculated above compared to

cover gas measurement data taken at various dates. The solid line represents the decay of

5-5
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the sum of Kr®® and Xe'*® released to the cover gas following release from the fuel on
July 23", in order to compare to the gross activity measurement data. No attempt was
made to proportion the activity between cover gas and holdup tanks in this figure — it
represents the total release from fuel of gaseous fission products.

133

Figure 5.2 shows the comparison of calculated Xe ™ in the cover gas compared to the

two samples that were analyzed for specific isotopic content. Figure 5.2 shows relatively

133 sample data, and also with the gross measurement data.

good agreement with the Xe
Xe'** was the predominant radionuclide until around August 28, when Kr* became

predominant. The non-decay decrease is due to transfer of cover gas to holdup tanks on
July 25, 27 and 29™. Decay and transfer of cover gas was modeled with the RADTRAN

code. A description of the RADTRAN mathematical model is contained in Appendix G.

Figure 5.3 shows the comparison of calculated Kr®° to sample data. The comparison is
not as good as Xe'3, but shows the calculated Kr® to be within 5 curies of the
measurement data. A small increase in either the Kr®> concentration would produce much
better agreement with the 0.015 release fraction. It is not likely that the unaccounted for
Kr* was released from the plant, since the xenon would have been transported with it,
and the xenon is accounted for in the plant. It is also possible that there are errors in
analysis in the measurements of Kr®°. The author has experienced such counting errors,

which usually are low with respect to actual concentrations.

Figure 5.4 shows the release from fuel in comparison to all cover gas and holdup tank

data. This curve represents the total release from fuel, decayed until November 1.

Figure 5.5 demonstrates the results of the iterative analysis to determine release from
fuel. The requirement that the release fit the sample data translated into the condition that
the crossover of Xe'3? to Kr® occur on or about August 28, as was recognized by Hart. It
is this point that Kr® became the predominant radionuclide in the cover gas, and waiting
for additional decay before disposing of the gas would not gain any advantage to the
cleanup of the incident. The second requirement that must be met is that the total activity
collected in the holdup tanks, when decay corrected to July 26, must be met by the
release from fuel also. The iteration progressed by assuming a release rate from fuel, and

using the core ratio of Xe/Kr, generate total release from fuel until the two conditions
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were met. It was determined that a release of 1.5% met the conditions. Investigation of
potential pathways resulted in the determination that there were no unidentified releases

to the environment that occurred prior to the first measurements of cover gas activity.

The fact that the Xe'>* and Kr® activity does not decrease in the cover gas samples
between August 12 and September 14 (other than radioactive decay) indicates that no
transfer of cover gas was done during this period. However, beginning around 9/14/59,
transfer of the cover gas to the holdup tanks began, as indicated by the samples of holdup
tanks and by the decrease of Kr® inventory in the cover gas. Figure 5.4 shows the
comparison of calculated cover gas inventory to all sample data, including the holdup
tank inventories. The effectiveness of Kr®® removal shows that there was some difficulty
in reducing the cover gas inventory, as indicated by the number of holdup tank volumes
generated. This may be due to the fact that the purge line for the cover gas is located
between the core tank and primary sodium fill tank. As “contaminated” helium is
withdrawn and sent to the holdup tanks, clean helium must be provided as makeup, to
prevent drawing a vacuum on the cover gas. This serves to dilute the cover gas, and

makes it more difficult to remove the remaining contaminated gas.

This analysis clearly shows that the release of noble gases from the fuel can be accounted

for as remaining within the plant with reasonable certainty.
5.3.2 Release to Primary Sodium

The release from the fuel to the primary sodium is relatively straightforward, as no
adjustments have to be made for sodium removal during the incident as in the cover gas.
The release fractions and release quantities (Curies) at the time of release for selected

isotopes are shown in Table 5.4 in comparison to Hart’s calculations:
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Table 5.4 Non-Gaseous Release (Fraction of Core Inventory)

Isotope Hart Daniel |  Hart Daniel
Fraction Fraction Release Release
1-131 0.00097 0.0011 16.3 25.8
1133 (Not Given) 0.0011 | (Not Given) L 74.9 |
I-135 (Not Given) 0.0011 |  (Not Given) , 65.3
Sr-90 0.00026 0.0011 21.4 8.6
Ce-141 0.00076 0.0011 96.5 14ﬂ
Ce-144 0.00067 0.0011 141.0 170.5
Cs-137 0.00318 0.0040 27.7 31.6
*SrYN=17.2

Comparison of release fractions may not be meaningful since Hart based his figures on
core inventory as of July 26, after additional irradiation and changes in power level had
occurred. The most meaningful comparison in this case is the quantity of release, which
differ by only few per cent. It is not clear how Hart’s Sr°° sodium concentration was
determined, since techniques for counting and reporting Sr° differ between laboratories.
It is common practice (currently) to count the ingrowth of the daughter radionuclide Y%
to determine the Sr°° content of a sample, and to signify this technique by reporting
Sr*7Y* together to avoid confusion. For this reason, the Sr’° release reported in this
analysis should be multiplied by a factor of 2 to account for the contribution of Y** in
order to compare to Hart’s Sr°° release. This assumes that Hart’s reported value for Sr*° is

actually the Sr’%/Y® laboratory result multiplied by the sodium inventory.

Figure 5.6 shows the results of this analysis compared to the gross measurements at
different dates and reported in Reference 4. It is interesting to note that sampling to
determine gross activity of the primary sodium did not begin until the short lived isotopes

I135

such as Na** and in the primary sodium had decayed to insignificant levels.
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Figure 5.7 shows the comparison to individual radionuclides in the primary sodium as
determined by spectroscopic analysis. The counting of Sr*° involves chemical separation,

but is included in Figure 5.7 also.

Figure 5.7 shows the effect of cold-trapping and/or deposition on metal surfaces to
remove particulate material from the primary sodium.®** ) The soluble fission products
1! and Cs™7 follow their decay curve very closely, indicating that they went into
solution and remained in solution, whereas Ce'*! and Ce'** were greatly reduced between
the sampling dates of August 2™ and October 31%. The jodine and cesium curves fall
very close to their sample points on August 2, which shows very close agreement with

the release fraction of 0.11% as determined in this report.

In summary, the fission product release from the fuel to the sodium in the SRE fuel
damage incident was small even though approximately one-third of the fuel assemblies
were damaged to some extent. The small release is attributable to the characteristics of

natural uranium fuel.
54 Release to Environment

The available data demonstrate that the radioactive vent system was aligned to the
suction tank during Run 14, and therefore there was no direct, continuous pathway for
gases to be released to the environment from the reactor cover gas. However, the
response of the stack monitor indicates increased activity on two occasions, both of
which coincide with operation of the fuel handling cask. By process of elimination of
possible pathways for a release, it was determined that the fuel handling cask venting
through header 506 was the likely cause of the stack monitor response, both in time of

occurrence and in magnitude of the response.

Each venting of the lower gas lock on the fuel handling cask releases approximately one
cubic foot of gas into header 506. If one assumes that the fuel handling cask was moved
and sealed repeatedly during the 5 hour period between 5:00 PM and 10:00 PM on July
12", then it becomes a question of how many times a release of 1 ft occurred. The
investigation of the cause is aggravated by the fact that there is no record of the stack
monitor’s response during these two time periods. The activity of the cover gas, as

indicated by the samples of the holdup tanks on July 20", was approximately 5 x 107
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uCi/cc. If one assumes that the predominant radionuclide on July 20" was Xe!* , then the
concentration of Xe'* on July 12® would have been 0.14 uCi/cc. Using the
concentration of July 20, and decay correcting to July 12 to get a concentration for
release from each venting of the fuel handling machine, and adding the short-lived
isotopes into the mix yields a concentration of approximately 3.15 nCi/cc on July 12.
Therefore, each venting from the fuel handling machine would release 3964 nCi, or
approximately 4,000 pCi (0.004 Ci) of Xe'*. Adding short lived radionuclides by using
the ratio of those radionuclides (such as Xe'*® and Xe'*™ ) to that of Xe'** , the release
for each venting would be 25,000 pCi (0.025 Ci). This is an insignificant amount
compared to venting a holdup tank. However, the release of 1 ft* results in a
concentration at the stack of 8.8x10”° uCi/cc as compared to the reported stack activity of
1.5x10-4 uCi/cc. This is very good agreement, and reinforces the conclusion that the fuel
handling cask was the source of the stack activity.

The releases to the environment are shown in Figure 5.8, and were controlled releases
from the holdup tanks according to procedure. Each tank was sampled prior to release,
and the release rate was determined for each release so as not to exceed the release rate
for the plant. The radionuclides Xe'** and Kr® were the predominant radionuclides

released.
5.5 Environmental Samples

Environmental air sample data were reviewed to determine if they provided any
indication of a release of radioactive material from the SRE in July, 1959. There were no
increases above background for the month of July 1959. Of particular interest were the
beta-gamma air samples taken from the Santa Susana site, as well as Van Owen. Air
sample data for Santa Susana and the Van Owen Facility are included as Appendix F.
The environmental air sample data provides total activity above background for all beta
and beta-gamma isotopes. Most of the environmental activity is attributable to Be’ and
K*, which are naturally occurring isotopes. Radionuclide fallout from weapons testing
reached a peak around 1962, when atmospheric testing was being conducted by both the
U.S. and the Soviet Union. In 1959, the activity in the atmosphere was typically 107
Ci/cc , whereas today the activity is more on the order of 10”° Ci/cc, or about 100,000
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times greater.

Figure 5.9 shows the beta-gamma activity for the months of May-September, 1959 for
the Santa Susana monitoring station. Figure 5.10 shows the beta-gamma air sample data
for roughly the same period for the Van Own facility, located in Canoga Park, in a

southeasterly direction.

There is no evidence of uncontrolled release to the environment from the fuel damage
incident at the SRE. The release of the accumulated noble gases in the holdup tanks
during the period July 20™ through September 19 was conducted with a very small

release rate, and was not detectable above background levels.
5.6. Experimental Evidence of Fission Product Release

Following the fuel damage incident, the Al investigators began a series of experiments to
determine the root causes of the accident, and to determine why the fission product
release fractions were not as expected. One experiment involved irradiating a fuel disk
with a burst of neutrons until the melting temperature was reached. ®¢* 1. A 93%
enriched uranium foil was irradiated in a stainless steel capsule partially filled with
sodium. The stainless steel capsule had a cover gas in the top to simulate reactor
conditions. After irradiating the capsule to generate fission products in the fuel, the

capsule was removed and the fission products were measured. In this experiment

“..in which the fuel was melted and dispersed in the sodium, only very
volatile fission products were released from the fuel in quantity. This was
apparently due to the excellent heat transfer characteristics of sodium
which caused rapid refreezing of the fuel and subsequent trapping of the

fission products.” [Ref- 24

The above experiment demonstrates the fact that the release from fuel would be a short
duration and quickly terminated, because of the heat transfer characteristics of sodium

coolant.

A second experiment dealt with the release of iodine from sodium into the cover gas. In
this experiment, capsules containing non-radioactive molecular iodine vapor were placed

at different depths in sodium to represent iodine evolving from the coolant into the cover
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gas. In this experiment, nitrogen gas was in the capsule along with the sodium, and the
nitrogen/iodine gas was then released from the capsule. The gaseous bubbles were then
allowed to travel up through the sodium to the cover gas region at the top of the
experimental column. The experiment was conducted at temperatures ranging from 500

to 1000°F. The investigators reported:

“It was observed that vaporized iodine released in the form of gradually
ascending bubbles (in quantities up to 60 mg to 500°F sodium at a depth of
6 to 10 feet) was largely absorbed by the sodium. A maximum of only-1- - - -

Y4 % escaped to the cover gas.” et 241

The second experiment described above differs from the SRE actual conditions in that the
iodine was released from a capsule into the sodium as molecular iodine directly. Other
studies have shown that with low burnup metallic fuels, the fission gases are essentially

retained in the fuel for the temperatures that the SRE experienced. ™" *7]
5.6.1. The Fermi Fuel Melt Experience

On October 5, 1966 an incident in which a reactor internal flow guide plate became
dislodged and blocked the flow of coolant to the core resulted in melting several fuel
assemblies. The Fermi reactor was a sodium cooled, graphite moderated reactor larger
than the SRE. In this incident, an equivalent of one fuel assembly (140 rods) underwent
melting, and flow was estimated to have been reduced to about 3 %.%®" 2 Measurements
showed that approximately all of the Kr* in the melted fuel was released. Approximately
1 to 10 % of the cesium and iodine was released to the coolant. None of the released

iodine was found in the cover gas. Kf 261,

5.6.2. Experience with Cladding Failure

Following the fuel damage incident, Atomics International investigated the cladding
failure, after noting that the assemblies in channels 12, 21 and 25 were found to have
cladding damage (splits and cracks) but no apparent eutectic formation. Rt 30pp 33

Experiments were conducted to determine the mode of failure. It was discovered that by

cyclically heating and cooling the uranium/cladding samples across the & —  phase

transition temperature, the cladding failed within 24 hours, after a total of 275 to 300
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cycles. The experiment was performed on unirradiated fuel, whereas the actual fuel in the
core had been previously irradiated, and Run 14 was the last run before changing fuel. It
is likely that the cladding failed before it reached the same number of cycles as the
unirradiated fuel. The experiment reinforced the conclusion of thermal cycling

temperature failure of the SRE cladding, Ref-30pp34]

The fuel assembly in channel 55 recorded a maximum recorded temperature (TC09) of
1465 °F on July 22. 'Rt 2! The boiling point of NaK is 1445 °F. The boiling point of
sodium is around 1620 °F. If the thermocouple temperature 9 inches above the midplane
was measured at 1465 °F, it is quite possible that the midplane was even higher, and that
the NaK in the fuel rod gap exceeded the boiling point. This would severely stress the
cladding by internal pressure as the NaK expanded, and may have contributed to the
cladding failure, even though the sodium coolant itself had not reached the boiling point.

In studies done following the EBR-I fuel melt, it was reported that

“The heat of formation of the uranium-iron eutectic provides a heat source
in addition to fission. It has been recently measured and found to be ~ 4
calories/gram of eutectic formed. This additional heat would tend to
counterbalance heat transfer from the core so that the heat content [of the

fuel] remains about the same.” R¢f 311

Because of the excellent heat transfer capabilities of sodium, this phenomenon of
additional heat would be a very short duration event, with rapid refreezing of the uranium
and thereby limiting the release from fuel. However, the internal pressure buildup due to
NaK boiling in the fuel rod gap provides a mechanism for cladding failure without the

sodium coolant reaching the boiling point.

In the case of boiling the NaK as a mechanism of cladding failure, the temperature of the
fuel would have exceeded the eutectic temperature prior to the NaK reaching the boiling
point. Any radioiodine that would have escaped the fuel would have reacted with the
NaK (vapor or liquid) and formed Nal or KI, prior to cladding failure.

The point to understand is that the environment for cladding failure to have occurred is in

the July 22-24 time frame. The plaintiff’s expert contention that major fuel damage with
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releases to the environment occurred between July 12 and July 15 is refuted by the plant
temperature recordings. Furthermore, the vent system was aligned such that even if
plaintiff’s arguments were true, the release would have been contained in the holdup
tanks.
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6. Response to Plaintiff’s Allegations

This section address some of the major points of plaintiff’s expert contention that 1330
curies of I'*! were most likely released to the environment during July 12 -15, 1959. (I
reserve the right to testify about any of the opinions offered by plaintiff’s experts during
the trial in this matter.) The details of this hypothetical release are described below, with

comments as to the validity of the hypothesis.
6.1. Pathways for Release
6.1.1.  Plaintiff’s Pathway for Release

Plaintiff’s expert, Dr. Arjun Makhijani, maintains that his “best estimate” release, 1330
curies of I-131, was released from the SRE during the period July 12-15. The report
prepared by Dr. Makhijani ®* *¥ did not identify the pathway for release, other than

saying

“Thus it can be concluded that the decay tanks did not hold-up the bulk of
the activity flushed from the reactor following the accident, and that it was
therefore most likely to have bypassed the tanks and vented directly
out the stack.” [emphasis added]

When questioned about the release pathway during his deposition, Dr. Makhijani
identified the release pathway from the core cavity annulus through a relief valve and
through vent header 492 to the suction tank, through the holdup tanks and then out the
stack. The diagram used to explain his pathway is shown in Figure 6.1. .

The pathway identified by Dr. Makhijani as being the pathway for release did not exist.
Release to the environment of radioactive material requires two necessary conditions —
(1) radioactive material, and (2) mass flow rate. Neither of these conditions was met by

the pathway defined by Dr. Makhijani.

A description of vent header 492 is given in Section 2 of this report. The relief valve
identified as “18” on the diagram that Dr. Makhijani traced for his pathway is identified
in the legend as “Core Cavity RV-He” (Relief Valve- Helium). This valve is shown on
the piping and instrumentation diagram (P&ID), Figure A-IV-3 sheet 2 of 3, Appendix B,

as the relief valve around valve 459A, which relieves the annulus volume between the
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outer tank and the core tank (the space between the bellows). Valve 459A is normally
closed unless there is some reason to vent the core cavity annulus volume, and the relief
valve is provided to prevent overpressurization of the core cavity annulus, such as initial

filling of the volume with helium.

The description of the core tank and outer tank are also discussed in Section 2. The
annulus volume between the outer tank and core tank is sealed by two welded bellows at
the cavity liner. Thus, the core cavity annulus is not connected to the cover gas volume
at all. The annulus volume does not accumulate fission products, as does the cover gas

volume directly over the core.

The helium pressure in the core cavity annulus is 3 psig, and a blocking valve in the vent
line (V-459A) is normally closed. A relief valve (RV600, aka #18) relieves at 6 psig.
This relieves only upon failure of the helium pressure control station 473 relief valve,
(RV402) which is set to relieve at 4.5 psig. Both relief valves vent to header 492 when
actuated, [Ref 11.pp 115]

During Run 14, there is no record of the core cover gas or of any helium cover gas
system pressure ever being greater than 3 psig. There is no reason to suspect that the
relief valves ever opened, nor any description of an operational event that might have
cause the annulus volume to become overpressurized. The relief valves associated with
the core cover gas, which is considered a “probably contaminated” radioactive system,

vents to header 497.

The pathway is described by plaintiff’s witness as passing through vent header 492 to the
suction tank. There is a vapor trap between the relief valve and the suction tank, which
would serve to remove, or at least reduce, any radioiodine in the gas stream. The
compressor suction tank is normally kept at a negative pressure relative to the vent header

pressure. The suction tank operating range is between 13.2 psia and 10.7 psia:

“Each compressor is controlled from a high and low pressure switch on
the suction tank. The pressure switches for compressor A will be set to
start it when the pressure in the suction tank is 13.2 psia [-1.5 psig] or
higher, and to stop it when the pressure drops to 10.7 psia (-4 psig). The

switches for compressor B will be set to start it when the pressure in the
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suction tank reaches 13.7 psia (-1 psig) with compressor A running and to
stop it when the pressure drops to 11.2 psia (-3.5 psig) with compressor A
running.” [Ref: 1170 105]

The compressors withdraw gas from the suction tank and force the gas into one of four
holdup tanks. If the holdup tank were open to the stack, as hypothesized by Dr.
Makhijani, the compressor suction tank could not be maintained at negative pressure.
Furthermore, the compressors would be running at full speed and would not shut off.
This would violate their procedure for startup, and would alert the operators of a problem.
The suction tank pressure is indicated by PI 601. If the pressure exceeds the prescribed

setting, an alarm is actuated in the reactor control room as BHPA-602. [Ref-11pp105]

There are measurements of holdup tank activity taken on July 9, 10, and 11, prior to their
venting to atmosphere (Appendix D). These measurements indicate that the valve
alignment was to the suction tank as required, and not to the stack, assuming it were even
possible to vent directly to the stack from the suction tank. There is no reason to believe
that this alignment was ever changed, since accumulation of radioactive gas occurred as
indicated by samples of the holdup tanks on July 15, and venting of holdup tank on July
20" .

Figure 2.13 shows the vent gas system and headers, including the pathway identified by
Dr. Makhijani. As shown in Figure 2.13, solenoid valve 604 is the solenoid valve that is
closed by the stack monitor in the event that the activity of the release exceeds the stack
monitor setpoint. Thus, if the stack monitor reached the setpoint, such as the event of
July 12 when the stack monitor increased, it would close solenoid valve 604. The stack
monitor showed an increase in activity again on July 15. The activity that was seen by
the stack monitor on July 15®, could not have come from the holdup tanks via line 495,

since the solenoid valve should have closed on July 12.
The pathway described by Dr. Makhijani did not exist.
6.1.2.  Pathway — Fuel to Cover Gas via Moderator Can Vent Tube

Dr. Makhijani maintains that a pathway for radioiodine release from the fuel to the cover

gas was via the moderator can vent. In his report, R 32 PP- 78 he states:
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“In addition, the damage to the moderator can surrounding core channel
10 during the time of fuel damage provides a direct pathway for the iodine
released from this element to reach the cover gas without interacting with
the sodium coolant by flowing through the venting line of this
moderator element. These mechanisms provide plausible means by
which large quantities of iodine could have been released from the fuel
while only a fairly small amount could have been found in the primary

sodium.” [Emphasis added]

The moderator tube vent line is installed in the moderator can to relieve pressure that may
build up in the can during irradiation. This design feature is discussed in Section 2 of this
report. The vent tube is not porous. The vent tube has an opening only at the bottom of
the tube. The vent tube is not a pathway for radioiodine to transport to the cover gas.

Section 4.3 discussed the attempts at dislodging some of the material believed to be
interfering with heat transfer by jiggling the assemblies. When this was done on July 24,
it was noticed that the element in core channel 10 was stuck in place, and had been free
on the evening of July 22. Had damage to core channel 10 occurred earlier, of the nature
described, it would not have been free to move on July 22. This reinforces the conclusion

that core damage occurred between July 22 and July 24.
The moderator can pathway did not exist.
6.2. Mass Transfer Calculations

Plaintiff’s expert, Dr. Makhijani, was asked in his deposition if he had performed any
flow rate calculations for his release. His answer was no.

A simple calculation whereby the two hypothesized “major periods™ of release, i.e., the
cover gas ventings on July 12™ and 15" would imply a release rate of 1330 curies o
over a period of 10 hours, or approximately 133 curies/hr. The specific activity of the

131 assuming that the radioiodine was uniformly mixed

cover gas would be 32 pCi/cc for I
in the cover gas. The volume of gas required to reduce the cover gas pressure from 2
psig to 1 psig is 6% of the mass of helium present at 2 psig. An equivalent mass of

iodine would be released along with the helium, (6% ) or approximately 80 curies. Thus,
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94% of his inventory would be left in the cover gas, at a concentration of 30.7 nCi/cc.

Using the same approach, the ventings of July 15" would reduce the inventory by 7.3%
for pressure reduction of 1.8 to 0.6 psig, and 11% for reduction of 3 to 1 psig. Thus, a

total reduction of 18.3% of the remaining inventory would amount to only 228 Curies.

6.3. Damaged Fuel Inventory

Dr. Makhijani’s inventory in the damaged fuel for I'*' was reported to be 3900 Curies. If
we assume that he considers the entire inventory to be released, then the 3900 curies is
the maximum available for release to the environment. However, he clearly states that
his upper bound for release to the environment is 2540 curies, [Ref. 32pP 45] and his “best

estimate” is 1330 curies.

By the logic presented in Section 6.2 above, only 24% of the cover gas inventory could
have been released via his hypothesis. This implies that the cover gas would have to
contain 5542 curies on July 12, when his hypothetical “intermittent” release began. This
amount is greater than what he maintains was available for release, by approximately a

factor of 1 1/2, and is refuted by the plant data as well.
6.4. July 12 Release
The cover gas venting of July 12 was described by Dr. Makhijani as:

“Shortly after this purging of the cover gas, at 5:00 pm "a sharp increase in
the stack activity to 1.5 x 10 pc/cm’ was noted ." As will be discussed in
section 5 .D, the numerical value reported for the stack activity is not
likely to be correct, but the timing of the increase in close correlation with

the operators purging the reactor cover gas is significant.”

The cover gas was purged at 3:30 PM. The stack monitor increased at 5:00 PM,- one and
one-half hours after venting the cover gas. Dr. Makhijani postulates that the two events
are related, namely that the venting of cover gas caused the stack monitor to increase.
The velocity in the 2-inch diameter vent pipe would be approximately 0.5 ft/sec. The
length of pipe from the reactor cover gas to the stack via his pathway is approximately
340 feet. Ata velocity of 0.5 ft/sec, the gas would reach the stack in 11 seconds,

essentially simultaneous with opening the valve to reduce pressure.
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For the pressure venting to be related to the stack monitor, the length of pipe in the vent
system would have to be 2700 feet in length. Dr. Makhijani’s hypothesis does not
correlate with the physical design of the plant.

6.5. Time of Fuel Damage

Dr. Makhijani makes an argument that the fuel was damaged during the “reactivity
excursion” of July 13™. He ignores the conclusion and experiments that were performed
by the Al investigators as to the reasons for fuel damage, (the cycling across the a -
transition temperature until cladding failure) during the time period July 22-24.
Specifically, the following items provide indication that fuel failure was in the time

period July 22-24 time frame:

e Data of temperature oscillations on a test specimen of fuel after Run 14
indicated cladding failure occurred after temperature oscillation through

a — [ transition temperature, which were experienced by the core during

the time frame July 22-24.

¢ Gross measurement of holdup tank samples taken on July 20 do not

indicate gross fuel failure.

e The ratio of Xe/Kr on July 13 in the fuel is less that that on July 23, and
measurement data from cover gas is closer to the ratio of July 23 than that

of July 13.

e The failure of the moderator can in core channel 10 occurred after July 22,
as demonstrated by the fact that it was freely moving when it was

“jiggled” on July 22.

The original Al investigators identified conditions that would cause major fuel damage
during temperature oscillations between July 22 — 24™ as discussed in Section 4 of this
report. Br. Makhijani thus postulates a release of greater magnitude than the data support,

and proposes that it occurred at a totally different time than records suggest.
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volumes sampled and released on July 20 contained activity when decay corrected to July

13" amounted to 5.7 curies Xe'** and 2 curies Kr®, according to gross activity

measurements. The holdup tank was filled between July 3™ and July 20", as indicated by

the fact that 3 holdup tanks prior to July 20 were released on July 9,10, and 11. One
holdup tank has to be aligned at all times to the suction tank according to operating
procedures. While it cannot be ruled out that no damage occurred during the 12%-15th

time frame, the activity in the holdup tank on July 20 is not of a magnitude to imply gross

fuel damage.

Section 6.1 discussed the observations of core channel 10 moderator can.

6.6. Comparison to TMI Release

Dr. Makhijani maintains that:

“Our best estimate for the amount of iodine-131 released during the July
1959 SRE accident is 80 to 100 times larger than the official estimate for

the release of radioiodine to the environment from the 1979 partial core

meltdown at Three Mile Island. The full range of our estimates are

approximately 20 to 200 times the official estimate for the TMI iodine-131

release »fRef. 32 pp 45)

Since the TMI-2 power reactor was considerably larger than the SRE, (2772 MW vs. 20

MW) it is relevant to compare fission product quantities, fuel damage quantities, and

fission product release fractions before making statements such as above. A comparison

of the TMI fuel inventory vs. SRE and other relevant data are presented in Table 6.1

below:
Table 6.1 Comparison of SRE to TMI-2
B Item TMI-2 ] SRE* /
Fuel Loading (Tons U) 94 ﬂ(
Fuel Type UG, U ]
L
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Per cent Damaged Fuel 100 30
Containment Reinforced concrete None
1-131 Inventory (grams) 547 0.15
I-131 Inventory (10°Curies) 65.4 0.0192
Environmental (Ci) 8-14 1330%
Release Fraction (Airborne) 0.00003 0.07°

*According to Dr. Makhijani

According to Dr. Makhijani, the SRE environmental release was 100 times the TMI
release, even though the SRE contains approximately 3 % of the fuel that TMI-2
contained, and there was no molten SRE fuel. The inventory of I'*! in the SRE was
0.03% that of TMI. All parameters that contribute to release from fuel are higher in the
TMI column than SRE. All experimental evidence is contrary to Dr. Makhijani’s figures.

The comparison of “apples to apples” can only be done by comparing release fractions.

Release fractions for airborne I"*! at TMI ranged from 0.00007 to 0.00003, depending on
the analysis selected. The I'*® figure is the most reliable, since there is no correction for
half-life. Table 6.1 contains the release fraction derived from I'* samples.

1
131

The release fraction for I'°" for TMI was reported in a letter from Dr. Dave Campbell,

ORNL, to Dr. Andrew Hull, BNL, in 1980, using data provided by the author. [Ref. 33]

Dr. Makhijani’s “estimated” release fraction for the SRE is 2,000 times higher than the
reported release fraction for TMI. He based his estimate on a single sample of primary
sodium that he maintains, indicated a greater release of iodine. The knowledge of iodine
behavior has certainly expanded since 1959, when the Al investigators commented that
they expected iodine to be more volatile. He disregards the gross measurements in the
primary sodium and cover gas, since they do not report specific isotopes. He disregards
radiation monitor responses. In short, there is no evidence whatever to support his

release, and disregards evidence that is contrary to his conclusions.




TDR-DA/0502

6.7. Makhijani’s Release From Fuel

Table 6.2 contains a summary of Makhijani’s damaged fuel inventory. The column “Fuel
Release Fraction” is the fraction of the damaged fuel inventory assumed to be released.
The “Environmental Release Fraction” column is the fraction of damaged fuel destined to

be released to the environment.

Isotope Inventory (Ci) Fuel Release Environment Release
Fraction Fraction
I-131 3900 0.45 0.341
Cs-137 2000 1
Xe-133 5700 0.45 0.45
LKr-85 270 0.45 0.45
Lsr-90 2100 L

The xenon environmental release fraction was given as 0.45, exactly the same as the

133 was released from the fuel, and

release from fuel. This implies that 5700 cunes of Xe
5700 curies Xe'** escaped to the environment. That leaves a total of zero curies Xe'** in
the plant, following the incident. The holdup tank activities, when decay corrected back

to the time of release, amount to 1266 curies, and would be even more if decay corrected

to July 13.

If Makhijani’s release from fuel and to the environment (via a nonexistent pathway) left
zero curies in the plant, there is a discrepancy of 1266 curies that must be resolved. The
evidence from the plant must take precedence over a theory that violates the physical

laws of nature.
6.8. Diffusion of Fission Products
Dr. Makhijani states in his report ®¢" 32 PP 78] that.

“.....the fuel in the SRE had been maintained at a high temperature for

approximately two weeks prior to run 14 aiding in the diffusion of fission
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Actually, the reactor was shut down for a period of approximately 39 days prior to Run
14, and could not have been “maintained at a high temperature for approximately two

weeks” as Makhijani claims.

The diffusion of fission products was investigated as a possible means of release. The
result of this investigation determined that diffusion from metallic fuels was small in
comparison to the eutectic release. Diffusion is a means for release from oxide fuels, but
is on the order of 10™ percent of inventory in metallic fuels for a temperature of 800 °F
held for a 24 hour period. Diffusion may increase by an order of magnitude for
temperatures between 900 and 1400 °F, [Ref 35 which is still considered insignificant.

6.9. Environmental Sample Data

A discussion on environmental samples taken during July-August is found is Section 5.5.
There was no indication of a release of the magnitude that Makhijani claims. Air sample

data showed no activity above normal background for the sites monitored, (5% APpendix ]

The results of analysis for I'* were reviewed from data collected at sites adjacent to the

. 48,4 . .
[Ref. 48,49,50,51,52,53,54] This sampling program was conducted

Santa Susana Field Laboratory.
to determine if chemicals or radionuclides had migrated or had been deposited on two
properties located north/northwest of the Santa Susana Field Laboratory known as the
Brandeis-Bardin Institute and the Santa Monica Mountains Conservancy. A total of 118
soil samples were analyzed for 1'% that were collected from the study area. None of the
samples analyzed had I'*® activities above the lower limit of detection. The lower limits
of detection varied between 0.03 and 3.3 picoCuries/gram. It is concluded, therefore, that
there is no environmental evidence of a release of radioiodine from the SRE of the

magnitude claimed by Dr. Makhijani.
6.10. Intermittent vs. Continuous Release

After completion of his report, Dr. Makhijani modified his release “duration” to have

occurred assuming

“...a continuous release between 5:00 p.m. between July 12, when the

reactor cover gas venting began, and about noon July 15, 1959, following
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the completion of the second cover gas venting. The actual releases were
likely episodic throughout this period, but the number and size of the

individual events cannot now be scientifically reliable way.”

There is no basis in any of the Al reports for an “episodic” release. In his report, Dr.
Makhijani seems to imply that July 13 was the “major” period of fuel failure. He thus

contradicts his hypothesis in his amended statement.
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The analysis in this report documents the results of my study of whether or not releases of
1-131 occurred from the stack during or as a result of the July, 1959 incident. The results
indicate conclusively that iodine isotopes were retained within the plant. I reserve the
right to testify about any of the opinions offered by plaintiff’s experts during the trial in

this matter.

J’/Z 7;/af

Date Signature, John A. Daniel, Sr.
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h) Open fill valves V-156 and reactor sodium inlet valve V-103,

i) Watch the line temperature readouts on 1.L4, LL5, and LL7 for
indications that sodium has passed into the suction side of the main
primary pump. W’hen these temperatures level out at sodium tem-
peratures, sodium has passed into the line. Establish pump case
freeze seal by opening the vent pressure control bypass valve
(V-521C) and increase the pump speed to 500 rpm. After 5 min,

close this valve and pressurize the pump case to 0.5 psig.
j) Start auxiliary primary pump and run at minimum speed (450 rpm}.

k) When reactor sodium level reaches 130 in. from the loading face as
indicated by thé level coil, open the following sodium valves: V-101,
V-175, and V-17T.

1) Monitor auxiliary primary piping temperatures read out on LL114,
LL115, LLI116, LL117, and LL119. When these temperatures
level out at sodium temperatures, the auxiliary primary pump is
primed. Vent puimmp case to establish freeze seal by opening the
vent pressure control bypass valve (V-521-C). Then increase the
auxiliary primary pump speed to 500 rpm. After 5 min, closethis
valve and pressurize the pump case to 0.5 psig.

m) When reactor sodium level reaches 120 in. from the loading face as

indicated by the level coil, close sodium f{ill valve V-156. The main

and auxiliary primary systems are now filled.

n) If gas voids or other causes prevent establishing flow in fill line 156,
a delta P can be established between the primary f{ill tank and the
reactor to provide an initial driving force to get flow stérted. Maxi-
mum allowable pressure on primary fill tank is 15 psig. This can

be accomplished by doing the following prior to step g).

1) Open vent valve {V-497} and vent reactor and primary fill

tank to 0.5 psig.

2) Close vent valves 137 and 496 to isolate primary {ill tank

from reactor.
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3) Pressurize primary fill tank to 4.0 psig by opening pressure
control valve V-401. This valve is controlled from panel in

the control room.

4) Continue with steps g}, h), and i}, NOTE: The primary {ill
tank pressure will drop due to sodium being displaced from
the primary fill tank into the primary lines. This pressure

should be monitored closely and maintained at 3.5 £0.,5 psig..

5) When-step 9 is completed, open vent valves 137 and 496 to
establish a common atmosphere between the primary fill tank

and the reactor.

If for any reason, line 156 cannot be used for filling the primary systems,

the following alternate procedure may be followed:

a) Check to see that all preheat thermocouples on main primary and
auxiliary primary systems and lines 112 and 113 are indicating

between 300 and 500°F and that the reactor temperature isat 300°F.

b) Check to see that the freeze trap on line 176is open for gas removal
and that the freeze trap temperature is less than 150°F. This is
accomplished by opening helium PC station 446-V305A & B, If
helium flow is established, the tfap is open. I flow cannot be
establ.ished, energize heater switch 55-1 and melt the sodium seal.
Trap temperature is read out on SS-5.

c) Check to see that the freeze trap on line 103 is open for gas re-
moval and that the freeze trap temperature is less than 150°F.
This is accomplished by opening helium PC station 436-V312 A& B,
If helium flow is established, the trap is open. If flow cr;mnot be
established, energize heater switch SS-12 and melt the sodium seal.
This temperafure is read out on DH-2

d) Check that there is coolant flow on the main and auxiliary primary

pump case and shaft freeze seals.
e) Open the following sodium valves: V-101, V-103, V-113, V-175, V-177.

f) Close reactor drain and fill valve V-112.
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g} Check to see that there is coolant flow on the following valve freeze

seals: V-101, V-103, V-175, and V-177,
h} Open vent valves V-137 and V-496.

i) Place the panel NN flowmeter switch in the ''reactor fill' position

and the control room flowmeter in the "fill' position.

j) Start the main and auxiliary primary pumps at minimum speed.

(100 and 450 rpm respectively).

k) Start the reactor fill-and-drain pump in the {ill direction and set

the voltage at 50.

1) Open V-112 and increase fill-pump voltage to 150. Observe flow-
meter to see that sodium is flowing. I sodium flow is not estab-
lished, stop the fill pump and close V-112. Then close V-137 and
V-496. Establish a delta P between the reactor and the primary
fill tank by pressurizing the fill tank to 4.0 psig and venting the
reactor to 05 psig. Start the drain pump and open V-112, V-137,
and V-496.

m) When the level coil indicates the reactor level is 160 in., open the
main and auxiliary primary-pump-case vent valves and allow sodi~
um to enter the pumps. Then open vent valve V-199 for line 176
freeze trap. Continue to vent from line 176 freeze trap until flow

is established in both main and auxiliary primary loops.
n) Continue to fill reactor until the level coil indicates reactor level

is 126 in. Stop the drain-and-{ill pump and close V-112.

o) Observe all freeze-seal temperatures and adjust coolant flows to
maintain temperatures below 150°F, Establish helium backup
pressure on both the pumps and valves. Pressure is to be main-

tained at 0.5 psig.

2. Main Secondary-Sodium System

The following procedure is to be used in filling the main secondary sys-

tem:

June 27, 1960 ' 1I-C-4

L

BNA00457908




E. DRAINING

Draining of the sodium systems is accomplished by energizing an EM pump
and pressurizing the system to be drained. Sodium {lows through a drain line to
one of two sodium drain-and-fill tanks. As sodium fills the taﬁk, inert gas is
vented to the radioactive vent system or to atmosphere depending on whether the

sodium is primary or secondary sodium.

The objective of this procedure is to permit the sodium systems to be drained
to the fill tanks in a manner which permits easy maintenance on the systems by
preventing holdup of sodium. The Shift Supe‘rvisor must authorize proceeding

with the following steps:

1. Primary-Sodium Systems

Condition No. 1 - The reactor sodium level is to be reduced to the top of
the moderator cans.
To drain:

a) The core loading must be reduced to dry critical (15 elements).
NOTE: A thimble must be provided for the portable level probe.

This will be inserted in the reactor when fuel is being removed.

b) Observe the prehe;at thermocouples on the drain-and-£ill lines 112
and 113 and the drain line strainer lines to see that the temperatures

are all above 300°F.
c) Check that primary {fill-tank temperature is being 350 and 400°F.

d) Place panel NN flowmeter selector switch in the reactor drain
position. Place the control-room flowmeter selector switch in the
drain position.

e) Check open-vent-valves V-13? and V-496.

f) Connect the portable level probe to the amplifier and energize the
amplifier. '

NOTE: The probe is sensitive to long time at t‘emperature and

must not remain in the thimble when not in use.

g) Reduce main primary and auxiliary primary pumps to minimum

speed (100 and 450 rpm respectively).
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Place the panel NN flowmeter selector switch in the '"reactor drain"
position. Place the control room flowmeter switch in the drain

position.

Check that the reactor temperature is within 60°F of the primary

fill-tank temperature.

Start the reactor fill-and-drain pump in the drain direction and set

the voltage at 50.

Open sodium drain-and-fill valve V-112 and increase the drain pump
voltage to 150. Check the sodium flowmeter on panel NN to see that
flow is established. Continue to drain sodium from the reactor un-

til the drain pump loses suction; then reduce the pump voltage to

zero and stop the pump. Close V-112.

1) When the main primary and the auxiliary primary pumps lose

suction, stop the pumps.

2) If sodium flow in the drain line is not established, stop the
drain pump and close valve 112, Vent primary fill-tank
pressure to 0,5 psig by cracking open V-497. ({Close 497
completely when 0.5 psig'is attained.) Close valves 496 and
137 and pressurize the reactor to 4.0 psig with helium sole~
noid valve SV-400. This should provide enough moving force
to start drain-line sodium flow. This step of the procedure
should also be followed when the reactor is to be completely

drained.
To completely drain all auxiliary primary piping,
1} Close V-177.

2) Admit helium to the system through auxiliary-pump discharge-
sodium-line-176 freeze trap by opening helium PC-446,
V-305A and B. Energize heater switch S5-1 to melt the
sodium in the freeze trap. Purge until the helium pressure

will immediately fall off when V-305A is closed.
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A. PURGING

Purging of the sodium service system consists of displacing the atmosphere
in the lines and vessels to the vent system with helium. The following procedure

will be initiated upon approval of the Shift Supervi'sor.

1. Cold Traps

In order effectively to purge the cold trap and its inlet-outlet lines, gas
is admitted at the cold-trap freeze trap and the main primary systemn at the
reactor. This gas is vented through the flush and drain tanks to the primary fill
tank and from there to the vent system. This involves isolating the cover gas

atmosphere of the primary {ill tank and reactor.
To purge the cold trap:
a) Isolate the primary fill tank and reactor by closing V-496 and V-137.

b) Check that the following sbdium valves are open: V-101, V-103,
V-616, V-609, V-610, V-618, and V-619.

c) Check that the following sodium valves are closed: V-634, V-635,
' V-617, and V-620.

d) Open bypass valve V-295C, valve V-295D, and valve V-296. Check
that valve V-561 to the vent system is closed. This introduces

helium to the cold trap.
e} Introduce helium to the primafy system by energizing SV-400.
f) Vent system to decay tanks by opening V-497C.

g) Check oxygen content with Beckman Oxygen Analyzer at V-554B to
verify that O, content is below 0.25%.

2. Hot Trap

In purging the hot traps it is possible to admit helium through the freeze

trap on hot trap A and vent through the freeze trap on hot trap B, or vice versa.:

. a} Check that the following sodium valves are closed, V-636, V-637,
V-616, and V-609.
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V. HELIUM SYSTEM

Purpose of the helium system is to establish and maintain an inert gas
atmosphere for all piping, vessels, and equipment containing sodium. Table

V-Iis a list of pressure control stations and the components they serve.

TABLE V-I
Normal
. Pressure .
- Station . Pressure Service
—_— Indicator ) —_
E— (psig)
PC-400 PI-401 3 Fuel-element-cask service, at cask
_ service area; moderator-cask service.
PC-402 PI-403 > - Cleaning cells; new fuel storage cells;
service connection in fuel-storage-cell
area
PC-410 PI-410 0-1 Main primary block valves
PC-413 PI-413 5-15 Main primary double-wall pipes
PC-417 ‘Pl-414 3 Reactor atmosphere
BPIM 465 .
PC-418 BPIM 465 0.5 Reactor atmosphere
PC-419 PI-420 8-12 Reactor shim rods
PC-421 PI-422 8~12 Reactor safety rods
PC-423 Pl-424 3 Service Connection at reactor
PC-425 Pl-426 0-1 Auxiliary primary block valves
PC-427 PI-428 5-15 Auxiliary primary double-wall pipe
PC-432 PI-429 3 Primary fill-tank atmosphere
BPIM 468
PC-433 BPIM 468 0.15 Primary fill-tank atmosphere
PC-434 PI-435 10 Primary cold trap; flush-and-drain-tank
drain line; sodium line from primary
cold trap; sodium flush line to primary
cold trap
PC-436  PI-437 10 Main primary line at main intermediate
heat exchanger
PC-442 PIl-441 0-1 Main primary~sodium pump casing
. PC-445 Pl-444 0-1 Auxiliary primary-sodium pump casing
PC-446 PI-447 10 Auxiliary primary line at auxiliary
intermediate heat exchanger
June 27, 1960 V-1
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TABLE V-I (Continued)

Normal

Station Prgssure Pressure Service
— Indicator - . —_—
fndicator (psig)
PC-448 PI-449 3 Sodium drums; sodium transfer line at
) melt station

PC-452 PI-453 3 Secondary-sodium f{ill-tank atmosphere

PC-454 PI-455 0-1 Main secondary-sodium pump casing’

PC-457 PI-458 3 Main secondary expansion-tank
atmosphere; main secondary cold trap

PC-459 Pi-460 0-1 Auxiliary secondary-sodium pump casing

PC-462 PI-463 3 Auxiliary secondary expansion-tank
atmosphere; auxiliary secondary plug-
ging-meter piping

PC-469 PI-470 10 Reactor drain line

PC-473 PIl-.474 0-1 Core-tank cavity atmosphere

PC-475 PI-488 30 Sodium-service transfer tank

PC-489 PI-495 Secondary block valves {(at Edison plant)

PC-490 PI-496 10 Steam generator

A. PURGING

Purging of the helium system may be accomplished at the same time the
heat-transfer circuits and the sodium-service system are being purged. If
purging of the sodium systems is accomplished in more than one step, the
helium headers should be purged separately. Purging is accomplished in general

by admitting helium at high points in the system and venting from the low points.
To purge entire helium systerm,

1} Open all stations in one of the two ma‘n branch headers consecutively

from the start of the header.
2) Open the last station in the header not being purged.

3) Adjust flow to approximately 1.5 scfm using the PC upstream block

valve.

4) If the individual station has more than one service line downstream of

the PC, opening of the various spurs should be alternated,
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3) PC station bypass valves are to be maintained closed at all times.
Exceptions are during the purging operation, a period of maintenance

on the PC valve or assembly, or when checking relief valve operability.

4) Changes in the following stations are required under the following

operating conditions:

a}) PC-417 and PC-418 (Reactor Atmosphere) PC-418 is set for 1/2
"psig, and is to be used normally. PC-417 is set for 3 psig and
is to be used only when the reactor atmosphere pressure is to

be increased above 0.5 psig.

Should Fhe pr-essure alarm sound (5 psig)} an immediate investi-
gation shall be initiated to ascertain the trouble. Check the
heiium-supply system {or operability and the vent relief system.
Close the helium-supply blocking valves (V-292A) (V-292A])
(V-268A) (V-268AI).

PC-418 should be always kept in service to guard against a

negative pressure being established in the reactor.

b} PC-432 and PC-433. (Primary Fill Tank Atmosphere) PC-433
is set for 1/2 psig and is to be used normally. PC-432 is set
for 3 psig and is to be used only when the primary fill-tank

atmosphere is to be increased above 0.5 psig.

Should the pressure alarm sound (5 psig), an immediate investi-
gation shall be initiated to determine the trouble. Check the
helium supply system and the vent relief system for operability.
Close the helium supply blocking valves V-2684A, V-268AI],
V-292A, V-292A1L.

PC-433 shall always be kept in service to guard against a

negative pressure being e¢stablished in the primary fill tank.

c) PC-452. (Secondary Fill Tank) When {illing the secondary fill
tank with sodium the helium supply shall be cut off by closing
the block valve downstream from PC-452 (V-298B) and the

normally clused block valve in the vent line (V-299} is manually
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Vil. VENT SYSTEM

Operation of the vent system consists of routing all radiocactive gases to the
decay tanks by means of compressors, When sampling indicates that the activity
of specific vent gases is sufficiently low, the gases may be routed directly to the

stack by actuating solenoid valves in the several vent-system headers.

Gas samples taken from the decay tanks determine whether the gas.can be
vented to the stack and at what flowrate. Upon authorization of the Shift Super-
visor, radioactive gases are then vented to the stack at the rate specified by
Health Physics. The objective of the following procedures is to specify vent-

system valve positions and to designate steps required to sample and dispose of

radioactive gases.

A. NORMAL OPERATICN

1. Radiocactive Services

a. Reactor and Primary Fill-Tank Atmospheres

1} Bypass valves V-497 and V-551 shall be closed normally except
during purging of the reactor and {ill tank atmospheres. These
valves may be opened to relieve excessive reactor and primary

fill-tank pressures only with permission of the Shift Supervisor.

2) Freeze-trap vent valve V-523 will remain closed except during
primary cold trap venting operation.

3) The sample valve V-497-B immediately upstream of the relief
valve assembly is normally closed. Sawmples can be taken here
to determine completeness of helium purges on the core and

primary fill tank.

b, Helium Vent from Freeze Traps for Piping Adjacent to the Inter-
mediate Heat Exchanger

1} These valves (V-140 and V-200) are normally closed.

2} They are only to be opened when lines are being filled with

sodium, in accordance with Section II-B.
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¢, Cleaning Cells

The three fuel cleaning cell block valves (V-676-1, V-678-2, and
V-676-3) shall be closed unless fuel washing operations are in

progress.

d. Fuel-Handling-Machine Service Connections

1} Vent system block valves {V-504-Gl and V-504-GZ) are to re-

main closed unless these service connections are in use,

2) Valve-to-atmosphere (V-518) from the coffin-service area shall

be closed normally. Use of this valve requires approval of the

Shift Supervisor,

e. Hot-Cell-Vent Service Connections

Vent-service header-block valve V-520 shall be closed unless

header is in use. Use of this header requires prior approval of

the Shift Supervisor,

2, Normally Nonradioactive Services

Gases from these services will be routed to the suction tank except under
special conditions where a gas sample indicates levels low enough to be vented

directly to the stack.

a. Operation of Diversion Station

1) Filter station bypass valve V-507B is normally closed. This
valve may be opeuned in conjunction with valve V-507A for specific
purging operations or during filter maintenance, with the approval

of the Shift Supervisor,

2) Proper operation of radiation indicators will be checked monthly
by Health Physics. Results of this check will be forwarded to
the SRE Group Leader.

b. Main and Auxiliary Primary Pump Vents

1) The pressure controller bypass valves (V-521C-Main and
V-522C-Auxiliary)} shall be normally closed except during

purging.
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3 2) The pressure controllers shall be set to vent the pump casings
at 15 psig.

3) Manual venting is accomplished after closing the helium inlet
valve (V-319 main or V-327 auxiliary) by opening the pressure
controller bypass valves (V-521-C and V-522-C) and observing

the indicated pressure on the pump being vented.

c. Insulation Cavity Vent

1) Blocking valve (V-491A) shall be normally closed.

2} Sampling valve immediately upstream of blocking valve shall be

normally closed..

d. Core Tank Cavity Vent

Blocking valve {V-459A) shall be normally closed.

e. Main and Auxiliary Primary Blocking Valves

1) Vent-system blocking valves (V-471A, V-473A, V-4534A, V-559A4,
V-462A, and V-456) are normally closed, Always be sure that

these valves are closed after they have been opened for a purging

operation, to keep sodium out of the vent system.

2) Sample valves immediately upstream of the blocking valves shall

be normally closed.

f. Main and Auxiliary Double-Wall Pipes Vent

1} Blocking valve {V-452A, V-469A, and V-467A)} shall be closed
normally,
2) Sample valves immediately upstream of blocking valves shall be

closed normally.

B. SAMPLING AND DISPOSAL OF GAS

1. Sampling
Vent system gas samples are to be taken, 'using an evacuated sample

chamber with adapter to connect to the various sample connections. Samples

will be taken, once a week, ffom the following locations:
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a) Core tank cavity (V-459D)

b) Insulation cavity (V-491D)

c) Auxiliary double-wall pipes (V-452D)

d) Main double -wall pipes {(V-467 and -V-469D)
e) Decay tanks

1) Decay tank samples will be taken as required to determine the
gas decay rates. This information will be used to give a pro-

jected activity level and a date and rate for release.

2) A second sample will be taken just prior to release to obtain

the exact release rate and activity level.

All gas samples will be taken by the Heaith Physics Unit, on request of
‘the Reactor Operations Unit, See Section V-D for sampling procedure.
2. Disposal

As each decay tank is filled to 90 psig, an alarm will be sounded in the
control room. The inlet valve to an alternate decay tank will then be opened,

and the inlet to the decay tank with the high pressure will be closed.

Health Physics will then take a gas sample from the tank with the high
pressure and will notify the Shift Supervisor of the recommended rate and date
of release. The rate of release is controlled by V-537B, the decay-tank outlet

valve. Gas flow is measured on a flowmeter located on the decay tank vault.

A solenoid valve {SV-604) is set to trip and stop the venting, if the stack

monitor indicates a level higher than 5 x 1077 pefce.

The display panel in the control room, showing which tank is being filled

and which is being vented, shall always be kept up-to-date.
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Vent the core tank cavity to the vent system by opening vent
valve (V-459) and reduce the pressure to 0.2 psig. Close
vent valve (V-459).

At 0.2 psig there should be no helium flow indicated at PC-
473. If flow exists reset PC-473 for no flow at 0.2 psig.

By opening PC-473 bypass valve (V-270C) increase pressure

‘to 4.5 psig. RV-402 should be set so that flow is just start-

ing at 4.5 psig.

32) Primary-Fill-Tank Helium Pressure: >4 psig 0.5 psig

June 27, 1960

Corrective Action to Reduce the High Pressure

a.)

b)

c)

d)

gl

Notify Shift Supervisor.

Close the solenoid control valves for pressure control sta=

tions PC-432 and PC-417 by pressing the buttons on panel HH,

If the primary<ill-tank-pressure continues to rise, the pri-
mary fill tank relief valve will open at 5 psig. At 5.25 psig,
the primary-fill-tank rupture disc will allow the pressure to
be relieved to the vent system. As the pressure drops below
5 psig, the reactor relief valve will close to permit the rup-

ture disc to be replaced.

Open the solenoid valve for helium-pressure control station
PC-432 and vent the primary fill tank to 3 psig by opening
the relief~valve bypass valve (V-497C),

With the primary fill tank pressure at 3 psig, observe the
flow indicator on PC-432. If flow is indicated, the set point

is above 3 psig and requires resetting.
If no flow is indicated, repeat steps c}, and d) for PC-417,

If both pressure control stations-and pressure gages are op-
erating properly and the primary fill tank pressure again
rises to 4 psig, a survey of the entire helium supply for the
main-heat-transfer system 1s required. Check all branch

lines for abnormal flow. Correct, if necessary.

XV-22

T

BNAO00458039




Corrective Action to Increase the Low Pressure

a) Notify Shift Supervisor.

b) Check PC-417 and PC-432. Flow should be indicated for
primary fill tank pressure lower than 0.5 psig. Check to be

sure that the pressure gage is operating properly.

c¢) If pressure continues to drop, bring the pressure back up to

0.5 psig by opening PC-432 bypass valve V-292C.

d) If no flow is indicated at PC-417 and PC-432 for a pressure

less than .05 psig, the controllers must be reset.

e) If PC-432 and PC-417 are operating properly, a leak is in-

dicated. A survey of vent and helium corrections must be

made to determine leakage point.

33) Reactor Helium Pressure: >4 psig <0.5 psig

Corrective Action to Reduce the High Pressure

a) Notify Shift Supervisor.

b) Close the solenoid control valves for pressure control stations

PC-432 and PC-417 by pressing the buttons on panel HH.

c) If the reactor pressure continues to rise, the reactor relief
valve will open at 5 psig, and the reactor rupture disc will
allow the pressure to be relieved to the vent system. As the
pressure drops below 5 psig, the reactor relief valve will

close to permit the rupture disc to be replaced.

d) Open the solenoid valve for helium pressure control station
PC-432 and vent the reactor core tank to 3 psig by opening

the relief valve bypass valve V~551,
e) If no flow is indicated, repeat steps c) and d) for PC-432.

{f) If both pressure control stations and gages are operating
properly and the reactor pressure again rises to 4 psig, a
survey of the entire helium supply for the main heat-transfer
system is required. Check all branch lines for abnormal

flow. Correct, if necessary.
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Enci. {1) to AI ltr,
58AT 3631 dtd, 5/22/58

Description of SRE Cover Gas System

Helium System

The purpose of the helium systern is to establish and maintain an inert gas
atmosphere for all piping, vessels, and equipment containing sodium,

The system consists of two supply manifolds of forty helium bottles each.
Normal operating procedures shall have one manifold in standby or in the
process of being reloaded with fresh bottles at all times. An alarm will
sound in the control room when the pressure in the on-line manifcid drops
below 125 psig. Manual valving will then be required to put the other mani-
fold on the line, :

The gas passes from the manifold and is reduced from 2300 psig to 50 psig
at pressure reducing station. A purification system consisting of NaK bub-
blers is then provided to remove oxygen from the gas before it is routed to
the above services. Each service connection has its individual pressure
control siation which is made up of an adjustabie pressure control valve,
blocking valves, bypass valve, and pressure relief valves,

A pressure relief valve is located on the low pressure side of the pressure
reducing valve assembly. The relief valve has sufficient capacity to remove
the amount of gas thai can be passed by the pressure reducer if it fails wide
cpen, and at the same time not permit a pressure build-up in the line of more
than 110% of the maximum working pressure of the vesgsel it ia supplying.
The exhaust from the relief valve on systems which may be contaminated by
racdioactive vapors is connected to the vent system. Relief valves in the se-
condary heat exchange systems and others where the gas will not normally
become contaminated with radioactive vapor exhaust to the atmosphere,

Each control station has a pressure indicator and a flow meter, Whaere the
relief valve exhausts to the vent system, the flow meter is located between
the pressure control valve and the relief valve. In this manner the relief
valve can be checked to see if it is open by noting the flow rate. Relief
valves exhausting %o the attmosphere are accessible and can be checked with~
out the use of a flow meter,

Nitzrogen System

The purpose of the nitrogen system is to establish and maintain an atmos-
Phere of nitrogen gas in the following areas:

Main primary sysiem gallezry
Auxiliary primary system gallery
Primary fill tank vault
Disposable cold trap vault
Insulation cavity

The system consists of two supply manifolds of ten nitrogen bottles each,
Normal operating procedure shall have one manifold in standby or in the

I3
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process of being reloaded with fresh bottles at all times. An alarm will
sound in the control room when the pressure of the on-line manifold is low
and manual valving in of the standby manifold is required. A connection is
provided for a nitrogen trailer if large quantities of the gas are required
for purging operations,

The gas passes from the manifold and is reduced from 2300 psig to 50 paig

at a pressure reduction station. It is then fed to the above mentioned points
from a low pressure surge tank, Individual pressure control stations fur-
ther reduce the nitrogen pressure prior te entrance into the enclosure served.
Each station has an adjustable pressure reducing valve, blocking valve, a
bypass valve and a relief valve on the low pressure side,

A breathing section of the system ties the galleries and vaults to a single
pressure control valve, In normal operation the spaces are in commaunica-
tion with each other, The insulation cavity is not included in the breathing
section as it is connected to the vent system. IKach space can be izclated
from the breathing section by means of a plug valve in the branch connection
to the space., There are two radicactive dust filters, One filter serves the
galleries and the other filter serves the vaults, The filters have blocking
valves and a bypass valve. A gas sample connection is located in the ex-
haust connection between the space or tank and the plug valve.

Normal flow threough the system is small and i8 a result of leakage and
breathing. The gas released during breathing is monitored by a radiation
indicator and routed to gas storage or the atmoaphere, as determined by
its activation level,

A liquid nitrogen storage tank has been installed to replace the nitrogen
cylinder manifold mentioned above, This installation has not been opera-
tionally accepted as of this date. It will not change the operation of the
nitrogen system; it i3 intended to give a more adequate nitrogen supply.

Vent Syetem

The vent system, by a system of headers, collects all process gases con~
taining or possibly containing radicactivity, These gas scurces are:

A, Normally Containing Radiocactivity

Reactor and primary fill tank helium blanket atmospheres
Primary circuits and diepesable cold trap vents

Cleaning cell vents

Fuel handling coffin service connections

Radioactive liguid waste accumulation and bhold-up tanks
Hot cell radioactive gas service connections

Hot trap vents

e o

a
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e o 9

B. Normeally Non-radicactive

1. Primary circuit pumps {2)
2. Reactor drain line {reeze irap vent
3. Helium supply system relief valves to the following services:

Page 2 of 3
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2. Main and auxiliary primary block valves (2)

b. Main and auxiliary primary double wall pipes (2)

c. Control rods

d. Safety rods

e. Disposable cold trap system

f. Main and auxiliary primary pipinrg and equipment (2)
g. Core tank cavity

4. Niirogen supply system relief valves to the foliowing services:

a. Main and auxiliary primary systems galleries {2)
b, Primary fill tank vault

¢, Disposable cold trap vault

d. Insulation cavity

5. Nitrogen system gallery atmosphere discharge
6. Insulation cavity vent (normally closed)
7. Core tank cavity vent (normally closed}
8. Main and auxiliary primary block valves {4) (normally closed)
9. Main and auxiliary double wall pipes (2) (normally closed)
10. New fuel storage cells

The gases from the services listed in section A above go directly to the com-
pressor suction tank located north of the reactor building in a shielded pit.
(Gases from services B above are monitored for radioactivity in the main
headers and, according to the activity, are passes to the compressor suction
tank or bypassed through a filter to the atmoasphere.

The compressor suction tank is maintained slightly below atmosapheric pres-
sure at all times, thus minimizing the intraflow of gas between service
headers by assuring flow from higher pressure service outlets directly to
the compressors, Two compresgsors in parallel drgw from the suction
tank; compress the gases to 114 psia and exhaust to one of four 350 cubic
foot decay tanks. Here the gases may be sampled and exhausted upon
sufficient decay. Exhaust rate is controlled by a pressure reducing valve
and an associated hand operated globe vaive. Exhaust gases pass through
a CWS filter and are diluted by the hot cell ventilation exhaust stream.
Should additional dilution be necessary, duct work and associated damper
systems are installed to allow the use of a 25,000 cfm dilution fan,
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Beaters aro instell=6 on the outer periphery of the tank. These heaters
are serieseparallel connected and are controlled by a Wheelco tempera-
ture controller located in the sodivm service building., Additional

heat is available through the use of three immersion heaters located

in thimbles in the tamk. To provide for heat transfer, the thimbles

are sealed at the top and filled with NaK, The immersion heaters are
controlied manuelly from a breaker in the sodium service building.
Thermocouples are welded to the tank iz strategic locations and are read
cut on the Wheelco comtroller. 4luminum jacketed, super-X, block
ipnsulation is installed over the heaters and thermocouples. Sodium level
and alarm coils are installed in thimbles in the tank to provide a means
of measuring the tank sodium level.

Biglogical shlelding in the form of a dense concrete vault is
supplied for the radioactive primary sodium. The vault is situated
north of the high bay and extends above ground about 6~ft. BElevation
of the £ill and drain tank is such that the reactor car be gravity =
filled to the top of the moderator cams, but regquires a pump for further
filiing or for draining. Thus, inadvertently opening the reactor draih
valve cannot drain the sodium from the active core.

' Fill and drain line 112 starts in the reactor at the bottom of
the core tank and proceeds up through the reflector region on the north
slde of the core out through the core esr into the maizn gallery. The
line then continues into the reactor drain pump pit (where V1l2 is
located), and terminates a&t the electromagnetic (EM) drain pump. Im
3 the drein pump pit, a flowmeter is attached to line 112 on the reactor
T side of the EM pump. Line 113 etarts at the B pump and continues into

the primary fill tank vault where valve 113 is located. Here the line
1s comnnected to the f£ill tamk and extends to about 2-in. from the bottom.
The EM pump can be stopped, started, and controlled either from panel K
in the control room or panel ¥ iu the sodium service building. Line
112-113 and assoclated valves and pumps are normally frozen oiff af:;r
draining the reactor. It is for this reason that an additional f£ill
1line (155 and 156) is provided. This line starts on the south end of
the fill tank 3/4<in. from the bottom end proceeds to an EM pump where
line 155 starts and continues into the main gallery where it terminates

\ at line 103. Valve 156 is located in the primary fill tank vault and
Quj the flowmeter is attached to line 155 in the drain pump pit. 4a EM

O
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pump imstalled iz lizme 155 facdlitates draining the main system piping
through these lines. Idne 155 is comnected to line 112 in the drain
pump vault by line and valve 157. For normal conditions, valve 155
remains closed, and the valve actuator is covered and locked to prevent
an accidenial opening of the valve. Valve 156, however, is kept in an
open position to provide for expansion of the sodium remsining in the
line.

Through the use of the gas ballast line, 137, which connects
the reactor cover gas region in the primary f£ill tank, the effective
expension volume of the reactor is greatly increased. This provides
an improved safety factor in the event of an abacrmal pressure excur-
sion. In addition, conservation of the helium cover gas is assured
o during filling and draining operations as the gas 1s displaced by the

. 1i" sodium through line 137 and into the other vessel. So that a differen-
tial pressure may he established between the two vessels for special
tests or for priming the drain pump, valve 137 is installed in the
line. This valve is located in the reactor drain pump pit. Idne 137
ig equipped with heaters, thermocouples, and insulation in the event
Bodlum vapor is carried over. Connected to line 137 through a sodium

‘O vapor trap is line 496, a carbon steel vent line whose primary purpase
is to connect either vessel to the vent system. Valve 496 is installed
in the line and serves the same purpose as valve 137, This valve is
normally closed and individusl vent velves and rupture discs are pro-
vided for each vessel; however, should the need arise, velve L96 may

. . be opened and both vessels can be vented from one or the other vent
i bzt stations. Also connected to line 137 is the condensate tank provided
to collect condensed sodium vapor from the reactor pool end primary
pumps. -The tank is insulated and is provided with Wheelco controlled
heaters, a sodium level probe (readout on panel GG), and a drain line.
Drein line 133 connects to the-reactor fill and drain line 113 at the
EM pump, snd is used to transfer sodium from the condensate tank Yo the
primary fill tank as the need arigses.

The primary sodium purification system is located in the sodium
service vault and is connected to the main heat tramsfer loop by lines
616, 617 and 633 (Figures 321 and 3=-25). Line 616 originates at the
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Chapter V. Lemsom 22
Page 3 ol 15
March 2, 1965

beader ir whick the leak occurs, but in checking the sections mo big
leak »s *.u2¢ und when the main header is put back in service the leak
rate is down due to pressure stabilization.

From the above, it can be seen that one of the first steps in
checking the system for lemrks is to be certain that the hender
presgsure is not changing and that it is the same as the reference

rreasfire.
B. NTTROGEN SYSTEM

Aress such s the pipe galleries; insulation cavity, and vaults
serve as sscondary ocontalmnment vessels for the primary sodium systenm,
Inssou:h 5 these areas are usuzlly closed to traffic, sealed, and
have extremely high radiation fields, & sodium spil) canncet be handled
in the normal manner. To prevent a fire resulting from a sodium
spill, the oxygen content of the atmosphere in the containment mreas
is maintaiped at less than one percent through the use of an inert
gas. DBecause helium is more than 20 times as costly as nitrogen and
the gas does vot come into contact with the sodium im the cireulating
loops, nitrogen gas is used to establish and maintain the inert atmoe«

phere in these areas.

l. System Description

Kitrogen ¢an be supplied to the system from Three sources:
eylinder, trailer, or inm the liguid state {Figmre 5-3)., Normally,
liquid ritrogen is used beceuse of the ease of handling and the cost,

Starting from the ligquid miircgen tank, the flow of ligquid
into the system is contirolled by & General Controls pressure control-
ler and an Annir valve. A4s the sysvem pressure falls to the lower
iirit, the controiler gends a siguzl to an sir pistor that cpens The
valve. Liquid then flows through vhe velve and inic an evaporsior
escti10n. Thip section congiets of :wo finned U-tubes serles connected.
Here, the liguid abeordbs heatr Irox the surrounding eir and evepcratse
into gzs. The gas then paases Yhrough gnother preseure regulator and
on ic the gas heatzr. Detweer the evaporator anl the gas pressure
regulator is a connszction from the tor of the liguid tank Any gus
generpied withirn the tark is relioved through this line. alaso

coonected to the vent lime ir an azrwospheric vent valive that is used

BNAO01134526
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wnen [illing the tank. Electrical heaters in the gas heater are usad
12 evi.orate any llquld that 1s carried over from the evaporator
ssction. This can happen if the outside air tempersture is low or if
an excessive system uge=rate occurs. From the gas heatsr, the nitrec.
gen passes through the liquid nitrogen system stop valve,v-389,and on to
the low pressure storage tank,

- A standby source of suprly corsiste of a high pressure rack
and header toc which 20 gas cylinders are attached, and a hose connec~
tion for a nitrogen trailer. Leaving the cylinders, the gas enters a
bigh pressure header and passes on to one of two pressure regulators.
Valves are provided so that either regulator can be used for each bank
of ten cylindera. From the regulator, the gas passes through the ;
"eyllinder statior" stop valve, V=-351+Bl or V-35i-B2,and on through the
low pressure storage tank inlet valve, V=351, and into the tank.
Between the regulstor and the stop valve is the connection for the
trailer. A tomnection for a purge supply to the wash cell area is
also located herz.

Beczuse of its volume (35 standard cu. ft.), the low pressure

storage tank tends to damp cut any pressurs surge caused by varyiug
system use-rate. Between the LP storage tank and the main system siop

valve, V=35% is the connection for the kerosene system surgs tank cover

gaB. & service connection at the surge tank controls gas flow to
malnotain 2 ccnstant three psig pressure within the tank.

Ic addition to the kerosene zank, six other service conne¢=
tiong mzke up the nitrogen system: insulation cavity, mair mallery,
sodium service vault, primary £il11 tank vault, auxiliary gallery; and
an inert atmoSphere supply to the oxygen analyzer on the HB panel for
zero checking of the instrument. Each service connection consists of
an irlet valve, flow meter, pressure controller, outlet vulve, bypass
velve; relief valve, and pressure gauge. Al valve bandles and meters
are painted green for system cclor coding. For ease of maintenance,
pipe unions ere instazlled aroved the pressure contrcller. and the by-
pese velve 1s arranged such that it can be throttled ic provide service
while the controcller is removed, .

b pressure of 20 psip is normally maintaiped within the low

pressure header, and the individual pressure conircllers zre set

Yo
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/
to provide sufficient ritrogen to maintain a slight positive pressure
in the vaults and galleries and & pressure of three psig in the insu-

latior cavity.

Co VAUTT DRETMINTIFICATTON SYSTEM

LaN

As the vaulis are not completely metal lined, moisture can enter
these spaces through the concrete. 4 convection laop is then estab-
lished with the water being evaporated by the heat, the water vapor
rising and then being condensed by the vault cooling coils te start )
over again. Not only is the resuliing rust problem not desirable, but ‘
should a sodium spill occur, the ensuing sodiumewater reaction counld
cause equipment damage. For this reasan the dehumidification sysienm Q
wes installed, Basically, this system circulates the vaulife humid
atmosphere across external cooling coils where the moisture ie removed.

Dry nitrogen is then returned to the vault.

1. System Description

Presently, the sodium service vault, the drain pump vault, and
the primary £il1l tank vaults are serviced by this system with each '

area having individual suctior and return lines connected toc common

e veme o e

headera.

In eack of the 4 lines (two suction and two return) is 2
Keystone throttling-butterfly valve, These valves kave paeumatic
positioners and cazn be positionsd ko any degree of opening desired,
This i= required to maintain the two areas under & balanced positive
pressurs. Vault pressura is recorded by vacuumepressure recorders.
Position econtrol pushbuttons for the valves and the pressure resorders
are installed in the JJ and GG panele izn the control room.

£ radiarion cetector is unstalled between the two suction
lines in the secondsry srea to irdicate redietion levels of ihe gas.
If the zadiation level im either of the two lines exceeds the setpoint,
the zlarm will sound ir the conirci xoom zpd locally at the detector,
No other automotic action takes plase. The HP skould be potified ang
g survey made to deternine the magnitude of the radiatior to ald Lhe
shift superviser iv subsequexnt actlon-

Nitrogen is drawn througk the incividual suctzop lines inte s

comrmon suction header by the D=% fan {Figure 5=2). From the suctiorn

T
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located 1n the valve pit south of the compressor vault. The slope of
the header is such that any liguid collected in the suction tank,
dreined from the compressor interstage coolers, or carried over from
the wash cells, will drain by gravity into the radicactive liquid
waste sump tank.

Two horizontal, reciprocating, vent compressors are provided,
sach with sufficient capacity to independently handle the mormal systen
load. This zllowa one unit to be shut épurn for maintensnce when
regquired without impmiring the system operating efficiency. Vent gases
from the suction tank are pulled into the compressor apd can be set so that
either compressor, or both,are connected to the guction line, Veni
gases within the compressor are compressed to 110 psig and discharged
throughk linea 511 and 512 for compressors A and B respectively,
Discharge valvas V511 and V512 are provided to complete the isclastion
of sitker compressor when reguired. Line 511 is joined by line 512 and
proceeds to the decay tank group selector valve {513K). Thie valve is
& three way valve opnd is used to select elither tanks A &pd B or tanks
C apd D, and through the construction of the vzlve when one group is
selected, the other is isolated. Lesving valve 513K; the compressed
gas follows the selected path to another three way valve (V498K for
tanks A and B and V514K for tanks C and D). This valve iz used to
select the individual tank to be filled, and again through ihe comstruc-
tion of the vulve when one tank is selectved, the other is isolated.

The compressor suction and discharge valves and the decay tank three

.

way valves are all plug type and require a periodic applieation of
grease to remain leak tight and sealed. Transmitting pressure switches
on ecch decay temkt send signals to a pressure readout or control room
panel Ho, Pressure switcher on each tank are set to sound an a2larm when
the pressure within the tank exceeds 90 psig. At this time amother
tank is selected for filling and the first tank is ready to be sanpled
for radioactivity and vented to the gstmosphere 1f conditlons permiv.
As a safety backup, 2 highk pressure switch 15 connected to each compres-
sor discharge line and will trip out ihe compressecr if the preseure
exceceds 110 vsig thus protecting the system.

Radicactivity of the vent grees is determined by Qrawing &

semple from the individual decay tank and counting it. The results are

V-18
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reduce the absolute preszure to 25 in. Hg (5 in. vasuum), At ihis

time a bypams solenoid valve between the compressor suction and dis-

charge lines is opeaed., and the compressor will cycle for one minute,

If the suction tank pressure has not irncreased at the end of the one

minute cycling period, the ccmpressor is stopped and the golemeid

valve closed; however, if the tank pressure has increassed, the sole=

neid valve closes and the compressor agair starts to pump on the system.

Operation of the helper compressor is ornly required when the system

load is such that the leading compresacr cannot keep up., In this case, g
when the suction tank absolute pressure risea to 29 im. Hg (1 in. :
vacuum), the helper compressor starts and continues to pump on the
syster until the absolute pressure in the tank is reduced to 25 in. Hg
(5 in, vacuum), At this time both compresasors cycle for one minute; the
helper compresscr then stops and the lead compressor either stops or
continues to operate depending upon the system load,

For abnormal conditioma, either compressor can be isolated by
closing ite suction and discharge valves and setting the ecentrol switeh
to the "off" position. Additionally, either or both compressors can be
operated manually by manipulating the "off-on-auto" control switch,

Vent system leaks are detected by the rate of decay tank

fillingz and by vent compressor cperating time., When & system leak -
occursa, a larger volume of gas must be pumped by the compreasor; ithere-
fore, the compressor operating time is inecreased, sand the 2700 standard
cublc feet decay tanks sre filled more rapidly. As the vent system is
quite complex and lengthy, with much of it arderground and inaccessibles,
& system for locating leaks is required. The {irst step for vezni sysim
lzall detection iz to determine the logical sources of leakagei the most
prevalent sourcez are: (1) inert gse pressure control station pressure
set higher than the relief valve metiing causing the valve to lift.

{2) relief walve seais leaking; (3) wask cells or sucy pump tank sexis
allowing air to enter the system, and (4) silr leakage through fiitings
er ruptured piping. As header 482 services the pressure control
stztions, closing valve #52C and observing the decey weank f£illing rats
w11l determine il the Jeak is class (1) or {2)}. If tke £iilling rate
remaing unchanged, header 492 can be Gonpidered leak wapsht and valve

L92¢ is opened and ithe search continved. FKender 506 is isolated by

V=20
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in the case of Jow level, a visuml check will either verify or reject

this causes If the streiner basket should become plugged, change ovver

io the standb; strainer and remove and clean the plugged basket. Aafter

the basket is cleaned and reinstalled. be sure to check it for tizhtness
by momentarily placing it in service, and then visually checking for leaks,
This will insure against & leaking standby strainer when you mext neeaq

one . -~

Ja ERADICACTIVE LILUID WASTE SYSTEM

Froviding the same function for liguids ms does the radicactive
vent system Ior gases, the liquld waste system collects all radio-
active {potential or active) liquids and stsres them in a tank for
zonitoring and disposal., This portion of the manual will be devoted

to & descriptiorn &nd operation of the system.

l. System Descrintion

Most of the radiocactive liguid waste at the SRE is generated
in the core element wash cells (approximately 15 gallons per element
washed),. Other contributore are the high bay floor vent stztionms, und
the in.arstage toolers on the vent compressors. (Figure 5-25) Three
tanks {T~l, T«2, 2nd T~3) are located west of the SRE buildivg, two
tonks {T-1l wnd T-2) are at the botiom of the liguid waste sump pit and
tiie other tank (T-3%) ig located at ground level in the cubicle near the
sump pit. Tanks T-1 {15C pellion capacity) and T-2 (35C allon capaecity!
receave 211 the liguid waste generated, The other tank T-3 (3250 _allcn
capacity) provides sn intermediate ctorage prior $o diegposition by RMIV,
Irain valves Vo401, V-002, and V=003 (for wash cells C, B, ané A, respect-
ively) Join kecader 9G1 which comneets to boik sump trnks. The sloze of
the lire 1F ‘owerdrc the sump tanks; therefore. the licuid from the wasn
cells flows by grevity te the tank, Connecvirg the sump tanks Lo the
wash cell wvent systexz is header 943=%50. This hewder receives mols?
vent passs from the wash cell vacuum pump. excess liguzd fror the
comyreesion water tank, azd flush water Irom the wash c2ll bel{le box
{Iapere %.11 =ad 5-11). hadicactive vent header S0% joins header GL3
west of the IX¥ pvildang. Vent _asees frorm the wash cell are transtcr-ed
aand Zzcuid from the high bay floor vent =txfjons spo i

Teni comTTERSCr inmerstage coclers is transferred to header GhE,

N
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16. Power and sodium flow will be incressed in steps of

2%, Remove from automatic control, Power will be incressed
first. Flow willl then be increased by the same percentage
to compencate for the increased power generation rata,

17« When an equilibriun temperature and power condition
exists, the next step increase can be made.

18, Reset the automatic flux level controller to FF (full
powe>),

19, I% will be necessary to increass the flow ratio contrel
as powsr increases to hold the reactor cold leg temperature
at 500* F,

20, Aa full power is approached, insert one control rod to
jincrease the period to OO0 at full power.

21. The flow ratio control should be set on (1) one when
the reactor is at full power.

22, Selsct either control Rod #3 or # to aot as the regu-
lating rod, g
Note: Both regulating rods must be at their upper limit

srior to switobing to antomatic controls ]

23. Move the "Indieator Range' selsctor for the selected ‘*
rod to the "Verniar®™ position. i
24, Move the "Rod aonm:. Sslectcor® to the rod seleoted 1
"Auto" poaitions ;

25. Mnmmmnuuttomthoregnlatmg

-rod to the uuta*el its coatrol ramge.

26. !!hn ro.cw h ‘mow % full power om automatic control.
Aty of flow and control rods will be required

mtth oquilitrinm is established.

tion of the "Fission Chasber Control” switohes

sbers to the out position. These chambers are 1

% WMIQM“@MMbyma-

give nuifhftnﬁmththnm'hﬂ.oum”nr

29. nwus&mrytcmmmnum

auxiliary heat mzm to control the auxiliary

primary cold leg lewperatarw as 500° ¥,

i
|
|
!
!

e e

pan
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BNA03967799



(4) With the reactor pressure at 3 psip observe the
flov indlcator on PC-432, If flow ia indicated, tke
set point is above 3 pslg and requires resetting.
(5) If no flow is indicated repeat steps 3 and &4
for PCe417,
(6) 1If both pressure control stations are operating
properly and the reactor pressure agaln rises to 4,5
peig a survey of the ontire helium supply for the
main heat transfer system is required, Check all
branch lines for abnormal flow, Correot if necessary;
bo Corrective action to increass the low pressure:
{1) Cheek PC~4#17 and PC-432, Flow should be indi.
cated for reactor pressure lower than 3 psig.
{2) If pressure continues to drop bring the pressurs
back up to 3 psig by opening PC-417 bypass valve
(v-268¢C).
(3) If no flow is indicated at PC=417 and PCei32 for
a pressure less than 3 peig the controllers must be
resets. ]
(%) If PCA432 and PC-417 are operating properly a
leak is indieated. Check vent rellef PC=500 for set
peints If normal a survey of vent and helium correc-
tions must be made to determine leakage point.
20, Dummy fusl channel temperntures: Greater tham 1050° F,
as Corrootira astion to reduce the temperature:
(1) Reduce reactor power.
.- {2) If other reactor temperatures ere normal this
g,.f.- . fl may mean & plug in the sodium flow orifice at
-~ th bottom of the element. This will require removal
" . of the element, after shut down, for cleaning and hat
61l inopeotion. SRE-411.5.
21, Reaotor sodinm lewel: Lass than 4! 3" abhove reactor oute
let line.
ao Corrective action to increamse the lewels
(1) This alarm will indicate a leak in the primary

sodius systom.

I
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(2) The reactor will be maintained at the power
level presont at the time of the alarm until the
cause is investigatad,
(3) If the situation is conaldered by supervision
to warrant such, shut down using standard shut down
procedure;
34, Heldum pressure in core tank cavity greater than 5 psig
or ".ess than 2;5 peig.

as Corrective action to reduce the high pressure:
(1) This alarm indicates fuilure of the hsliunm
pressure rellef RV-402 (relieves at 4.5 paig). If
pressure continues to rise it will be relieved at
6 pslg by the vent system relief RV-500, ;
(2) TVeant the cere tank cavity to the vent systen by
opening valve (V-459) and reduce the pressure to 3
paig; Cloae wvalve (V-459),
(3) At 3 psig there should be no helium flov indi-
onted at PC=i?73, If flov exists reset PC-U73 for no
flow at 3 peig,
(4) By opening PC~473 bypess valve (V-270C) incrense
pressure to k4.5 psig. RV-402 should be set so that
flow is just starting at 4.5 paiz,.
bo Corrective astion to inereass the preasurse:
(1) This alarm will indicate sither a lemk in the
core tank eavity or a malfunction of the prossure con-
trol atation and/or vent system rellief valve.
g? Ig pressure is decreasing check for flow at
goh73, I flow is indicated the hellum systen re-
1¥s2 valve RV-U02 or vont system relief valve RV=-600
;iy be sticking in the open position, These walves
- miist be checked and reset if necsacary,
(2) If no flow is indicated at PC~473 this will
indicate malfunetion of PC~473 and will necessi- 1
tate repair or ressetting, Helium pressure can
be controlled manually during this period by
eperation of PC~473 bypass valve (V-270C).

-

ANV T
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(a) If no flow is :hidicated at PC=505 this will
indicate malfunction of PC~505 and will nocessi-~
tate repair or resstting,

(3) Illitrogen preesurc can be controlled nmanually

during this period by operation of PC~503 bypasa

valve (V-358C).

42, Compressor suctlon tan pressure: Greater than 14 psia,
ae Correoctive action to reduce the preassure

(1) Check to see that both compreassoras are operating.
(2) See that suction tank valve (V-519A) is closed.
{3) Check the operation of the high pressure switches
(IP3=612) (HEPS~614).
(4#) Operate one conprossor at a time teo isolate the
defactive unit (See SRE~h07.2 Compregsor Operation).

L3, llercury pressure in the boiler: Greater than 210 psip

or less than 165 peig.

as, Corrective action for high pressures

(1) A high pressure alarn will indicate a lesk from
the stean side of the boller into the Hg.
(2) 'The reastor should be shut down using standard
shut down procedurs.
(3) The after glov heat load transferred to the
auxiliary systen,
(4) YValve off the steam generator from the main sodiun
systen by closing valves (V-164) and (V-165).
(5) Close the main primary block valves (V-101) and

(a) Energlze heaters on drain lines (166-2-i),
(167~2-), (132-2=A) and the mecondary f£ill tank.
(b) Apply helium pressure to the steam generator
frecrs trap by opening valve (V=353). 3
(o) Enargize freese trap heaters A helimm flow 1
will indicate thet the trap is free of sodium, ]
(d) Open the steam generator drain and vent
valves (V=169 and V-170}.

| TS
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Frronal Operation of Helium System

N The helium manifold system alarm shall be set to trip at
125 psigge Upon recaipt of this alarm in the control room the
c7stem shall be manually valved to the atandby manifold., The
etiausted bottleg shall de replaced as soon as possible and this
r.mifeld purged and placed in starndby service. The change in
#2lium bottle inventory ckall be antered oz tho YInert Gas Inven- 1
try Lag, Fora 609,

¥, Normal oparating pressure adjustuent for the various stations
£:211 be as showa uader Helium System, SRE-H03,

€, PC station bypass valves are to be maintained closed at all
tiless Exceptions are during the purging operation, a pericd of
~aintenancs on the PC valve or assembly, or when checking relief ' i

valve operability.
T, Changes in the following stations are required under certain
soecific operating conditions. ;
1s PC=hl3 and PCe427 Main and Auxiliary Double Wall Pipes
Thess prassure control valves supply heliuzm to these
spaces at 12 pesig to act as a heat barrier between the two
pipes. Each double wall pipe enclosure vent valve to the
vent system is normally closed (V-152) (V-467) (V-l69),
Vhen the sodium pool in the rsactor is to be drained, the
supply block valves (V-2654) (¥-285A) shall be closed and the
vent valves opened.
2. PC-U417 and PC~418 Reactor Atmosphere
PC-li18 i3 set for 1/2 psip to be used during reastor
§iiL PC-417 is eet for 3 psig and 1s to be used after
: j sphers operating temperature has been attained.

Shonld tho prooaure alarm (5 psig) associated with the reactor
atmosphere sound, an immediate investigation shall be initlated
to zscertain the troudle. Check the heliunm supply system for
operability and the vent relief system as described in
SRE-407,1, item 4, 1 b, Close the helium supply blocking
valves (V=2924) (V-292a1) (V-268A) (V-268A1) if the pressure
reaches 7 psig.

- in
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3. PC-L32 and PC-i33 Primary F411 Tank
Identical to system 2, above, and gshould be operated in
ceajurction with reactor atmosphere supply as both syatems
ars dirsgtly tied together,
4, Pcl52 Secondary Fill Tank
Wren £illing the secondary fill tank with sodium the
heliur cupply shall be cut off by closing the block valve
downstream from PC-452 (V~298B) and the normally closed bleck
valve in the vent line opened (V-299). TUpon initiating heatw
ing, the vent block walwe shall be closed,
5. PC~457 Main Secondary Expansion Tank and Cold Trap
During rormal operation the supply is set for 3 psig, the
relief valve bypass (V=309C) 1s closed, the block valve ahead
of the relief valve (V-309F) is open and the gas supply to the
freeze trap (V=%10) is closed.
a. Upor secondary system filling close the helium supply
valve (V-307A), alightly crack open the PC bypass valve
{(V=307C) and open relief valve bypass (V-309C).
b, Upon secondary system draining the dlock valve to the
relief valve (Ve309F) ie clozed and the gas pressure
reised to force the soddum into the f1ll tank,
6. PC=i462 Auxiliary Secondary Expansion Tank
Similar to above,.
7. PC<475 Sodium Service Transfer Tank
‘This tank is used only during the transfer of sodium from
the 55 gal. drums to the primary or secondary fill tanks for
operatiuu:or the helium system. See SRE-403.1 and 403,2.
8. P “SEea- Generator and Secondary Block Valves
Durtﬂgrnormal operation this pressure control station is
snpplyii( ‘back-up helium pressure for the freese traps on the
main secondary gystem and the steam generator. Helium is
supplied through this station for purging the steam generatoxr
and associated piping prior to filling with sodium.
T's During normal reactor operation each statlon flow indication
and pressure shall be checked once each day and recorded on
Torm 610,

T AR
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The vent system, by a system of headers, collecta all procesa

~n:26 containing or posslibly contalning radicactivity, Fige 13,

v

A
-

Plge 14 for P.C. station location, These gas sources are:

Hormally Containing Radliocactivity ‘
1, Reactor ani primary f£ill tank heljum blanket atmospheres,
2, DPrimary circuits and disposable cold trap vents. 1

3+ Cleaning call vents.

b, Fuel handling c¢offin gervice connections. ;
5. Radiocactiva liguid waste accumulation and hold-up tanks. |

5., Hot cell radicactive zas service connectiosms.

7. Hot trap vents.

Normally Non-radicactive

1, Primary circuit pumps (2).

2. Reactor drain line freeze trap vent.

3, Helium supdly system relisf valvea to the following servicest

- ¥
b
Ce
de
8.
2.

YMein and auxiliary primary block valves (2).

Main and auxiliary primary double wall pipes (2).

Control rods.

Safety rods.

Disposable cold trap system. !
Main and auxiliary primary piping and equipment (2). 1

ge Core tank cavity,
4, Nitrogen supply system relief valves to the following
services:

a, iain and auxiliary primary systems galleries (2).

7, Core tank oavity vent (normally closed).

8, Main and auxiliary primsry block valves.(l4) (normally
closed),
9, Main and auxiliary double wall pipes (2) (nermally closed).

y £111 tank vault.

4l cavity vent (normally closed).

10 HNew fuel storage cells, é

R
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The gases from the services listed in section A go direetly
%9 tke compressor suction tank located north of the reactor btuild-
i1y in a shielded pit. Gases from services B are monitored for
—a:loactivity in the main headers, and according to the activity
arc passed to the compressor suction tank or bypassed through a
2i. ter to tho atmosphere.

The compressor suction tank is maintained slightly below atmos-
pairic pressure at all times, thus ninimizing the intraflow of gas
h2' 7een service headers, by assuring flow from higher pressure ser-
vire outlets directly to the compressors, Two compressors in
pal 21lel draw from the suction tankj compress the gases to 114 psia
ant exhnuat to one of four 350 cu.ft. decay tanks, EHere the gases
na: be sampled and exhausted upon sufficient decay, see SRE-410,.3.
Nzt aust rate is controlled by a pressure reducing valve and an R
as: ociated hand operated globe valve. Exhaust gases pass through "
a (¥S filter and ere diluted by the hot cell ventilation exhaust
5t: eam, Should additional dijution be necessary duet work and
ast ociated damper systems are installed to allow the use of a
25.000 cfm dilntion fan,

'
1
'
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407.1 >rmal and Emergerncy Operation
The orarating procedures for the various services of the
vt systems are as follows, Fig., 133
t» Radioactive Services Operation
l. Reactor and primary f£ill tank atmospheraes.

These iwo spaces have a comrmon helium atmosphere, which
is supplied as per operating procedure SRE=405,2, item &4 b, ]
operation of the helium system, The helium pressure coatrol
station servicing this atmosphere does not have a pressure
relief valve, Rellevring of excessive premsures, which could
recult from Tisoperation or malfunetlion of the helium supply
valves, 1s accomplished by relief valves PC=500, RV=603, and
RV-602 in tha vent system. PC=600 is diaphragm operated and
is set to relieve at 4,5 psig. The valve will close if the
disphragm fails, RV-603 relieves at 6.5 psig upon failure i
of RV=500. TV-602, upon the failure of the other relief ;
vaives, will relieve the atmospbere 0of the vessels to the
main gallery.

a, BRelief wmlve bypass valve (V-497) will normally be

closed. It will be opened only during purging of the

reactor and £ill tank atmospheres.

te Bypaas valve (V-497) may be opened to relieve the

reactor and fill tank atmosphere if the pressure reaches

8 pmig caused by malfunetion of the regular relief systenm.

This method of relief shall be by supervisor's permlssicn

only. (3ee SRE~-H08.2, item &4 b,)

; ze trap vent valve (V-623) mhall be closed except

& disposable cold trap vent operation (see SRE-L404.3).

-sampling valve, which is normally closed, is pro-

el M é; ediately upstream of relief valve aspsembly.

"7 Sample to provide information on completeness of helium
purges or of gasecus fission product activity. (See
SRE-410.4, sampling procedure,)

2. Helium vents from freese traps for main and auxiliary 1
primary cold trape and piping adjacent to intermediate heat _
exchangers. The lines are to be used in conjunction with !
primary system £illing procedure (SRE-405.2). ’

[ U
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3s Cleaning cells and new fuel storage cells vents,

Each of the three cleaning c¢ells has two vent conmectiorns,
one passes through a cold trap, a vacuum pump, and an oil
trap before exbausting. The cther bypasses the vacumm pump
system,

The three new fuel storage cells are provided with a
helium system supply and a vent system on the suction aide of
the above nentloned vacuun pumpe Operation of the cleaning
cell and the fuel storage cell vorts are discussed under fuel
handling procedure (SRE-414) normal procedures ares

a, The three block valves (V-670e1) (V-670-2) (V-670-3)

and header valve (V-679) from the new fuel storage cells

are closed unless purging of cells is in progresa,

b, The six block valves (V-676=1) (V-676=2) (V=6726-3}

(V=501) (V=502)} (V=503) from the fuel cleaning cell are

closed unless washing operations are in progresa.

¢o The vacuum pump plug valve (V-683) is maintained

closad unless the putip is being operated.

de Cold trap drain walve (V-684) is normally closed.

It shall be opened following use of the trap to allow the

condensate to drain to the liguid waste sump tank,

e, Sample connection valves ars provided at each fuel

cleaning cell. These valves are pormally closed. (See

SRE~310,4, sampling procedure,) -

4, Fuel handling coffin service connections,

Two connectiona to the vent system are provided for the
_ggpgﬁyaggigpg coffin, One is located immediately to the west
-dry fuel storage area and the other is in the

- #e, Mook valvea (V-50441) (Vv-504G2) at each =mervice cone
" nection are to remain closed unless service is being
employed. Alwaye make connection prior to opening block
valves and close block valves, prior to making discomnect.
bo Valve to atmosphere (V-518) from the coffin service
area connection ii normally closed. Use of this valve
requires approval of supervision.

BNA03967922
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5, Redloactive liquid waste and hold-up tanks.
The vent gystem ties in directly and drains to the
liquid waste sump tank. A vent system header also serves
the eight waste hold-up tanks, This line reliaf and asso=
ciated bypass valvea operation ls discussed under hold-up
and storage tanks (SRE-411,2).
6. Hot cell vent service comnection
This connection is for the disposal of radiocactive
gases resulting from hot cell operations.
a, Vent service header block valve (V=520) shall ke
closed unless header is in use.
b, Use of header roquires prior appreval of supervision,
See hot cell procedures (SRE=415),
.ie Normally Non-radiosctive Services Operaticn
Gases from the below listed services are monitored by ineline
-adiation instruments. If the activity level is below 10™2.Ac/ce the
.ases are directed to the atmosphere via indicator activated sole
:0id valves, If higher activity levels are present the gases are
«oppresged for storage in the deocay tanka,
1. Operation of the above diversion station is as followss
a. FMilter station bypass valve (V-508) is normally closed.
This valve may bes opened in conjunction with valve (V-507)
for specific purging operations or during filter station
maintenance with supervision approvale
b. Proper operation of radiation indicators and associ-
ated solenoid walves shall be checked montly by the health

pel¥ pumps vent.
'ilne connects to the main primary and auxilisry prie i
mary JuMp casing. A pressure controller, with associated

.'ﬁibck’é;dabypasa valves, is incorporated 1ln each pump branch. i
a. The pressure controller bypass valrve la normally' i
closed exsept during the purging operaticn.

b» The controllers are set to vent the pump casings at
15 peig.

¢, Helium is supplied to the pump caxinga at a preasurs
determined by the cperating characteristics of the pump.
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do Manual venting is accomplished, after closing the

helium inlet valve (V-318 or V-326), opening the

pressure controller bypasa valvas(V-sazc)znd observing
the casing pressure indicated on the pump being vented. !
30 Reactor drain line vent. ‘

Thie line conmects to the vent aystem via a freezs trap ‘
and a block valve (V~528), By means of compressor suotion f
tank bypass line 530 and agsociated valve (V-530) the gas i
compressors can be used to prime the reactor drain pump. '
For use of tals pump see SRE-405.7.

Normal valve poaitions are:

a. Valve (V=528) closed excepting during primary sodium

system purging operations.

be Valve (V=530) closed except during reactor drain

pump priming operations.

4, Helimm supply system relief valves.

Operation of relief valves Irom pressure control stations
PC-410, PC-413, PC-419, PC-k21, PC425, PC-427, PC-473, PC-L3k,
pc-U36, PC438, PC-446, is described and discussed under
helium system, SRE=408,

5« HNitrogen supply system relief valves,

Operation of relief valves from prassure control stations
PC~507, PC=511, PC=509, PC~503 and PC=505 ia desoribed and dis-
cuased under nitrogen system, SRE-I09,

6 Insulation cavity veant.

The nitrogen system maintains a minimum pressure of 3 psig
pos Relief valve PC=505 on the supply line will
f¥¢ the vent system (see item 5, above) shoumld the
Wdoad 4,5 psig. A relief valve is also incorperated

Cin ¢ . dsyut.n and will relieve at 6 psig should the other
relief vilve fail.

a. ZXocking valve (V-491) is normally closed. It is .
opened only durlng purging operations concerning the in- !
sulation cavity (see SRE-109.1),

be A sampling valve, which is normally closed ia provided
immediately upstream of the blocking valve. Sample to

provide information completeness of purging operations.
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7o Core tank cavity vent.

The helium system maintains a minimum pressure of 3 psig
in this space and relie? valve FC-473 on tie supply line
will exhaust into the vent system (see item L above) should
the pressure exceed 4.5 psig. A relief valve is alsc in-
corporated in the vent system and will relieve at 6 psig
should the other xellef walwve fail.

8. Blocking valve (Ve459 is normally closed. It is

opened only during purging cperations concerned with the

core tank cavity or the helium system. (See SRE=408.1.)
bs A sampling valve, which is normally closed, is pro-
vided immediately upstream of the blocking valve. Sample
to provide information on ccmpleteness of purging oper-
ation or integrity of core tank,

8¢ Main and auxiliary primary bleck valves,

Each of the four valves is directly vented. The vent is
employed only when the valve stems are purged with helium. !
Purging should normally be required only following valve
maintenance or losa of valve se2al during operation.

a. Hlocking valves (V-471) (V-473) (V-453) (V-L456) are

normally closed. They are opened only during controlled

purging operation. Should these valves lnadvertently be
left open and should the valve freese sea) fail, sodium
could flow into the wvent system.

b, Sample valves are provided immediately upstream of

each dlocking valve, Sample to provids information on

auxiliary double wall pipes vent.
. 13 »um system maintains a minimum pressure of 12 psig
& 1n eaqgﬁoi'theae spaces. Rellsf valves on the supply system
1111 relieve to the vent system at 110% of this pressure
(see item &, above),
a. FHlocking valves (V-452) (V-469) are normally closed.
They are opened only during purging operations.
b, Sample valves are provided irmediately upstream of
the blocking valves. Sample valves are closed excepting
when sampling is in progress (SRE=-410.4), Sample to pro-
vide information on completensss of purging and integrity
of double wall pipes.

A
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Yent System Purging
1, Systex Piping and Services

Individual services are to be purged according to the
respective gas system purging procedures. Initial purges,
in which radicactivily is not a problem, are to be diverted
from tke compressor suction tank by opening of block valves
(V-507) and (V-508), Individual servicea purges following
maintenance, or for other reasons, after the vent system is
radioactive, are to be routed normally by the vent systenm,
as described in SRE-410,

2. Compressors and Suction Tank

The suction tank and each of the compressors may dbe purged
independently or all together, as required for accessidbility
purposes in the compressor vault or for unit maintenanoce
reasons. Purging gas is supplied by connection of a helium
bottle(s) to the pressure reducing station for this purpose
adjacent to the compressor vanlt. This station will reduce
the helium preasure from 2300 psig to S psige.

Valve manipulation sequence or procedures for any of the
purging operations are to be authorized by supervision when
the procednres are required. Extended purge success or ter-
mination point may be judged by a reductiom in radiation ine-
tengitieas at the particular equipment piece.

The vent system valves that are normally closed are indi-
cated in solid color on the P & I drawing,

bk e ek mon -
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08,2 E)ldup and Siorage Tank Operations

(::neral

The ten waste holdup tanks are divided into two sections of
" 77e tanks each “y a center shielding walle Should line or
v :3cel servicing be required, the waste in the section in ques~
¢ .on may be tranaferred to the other, thus allowing better ac-
¢ :s8ibllity, Transfer is accomplished by pressuring the vessel
i+ be emptied, and provisiors ere installed for flushing of the
v :ssel and lines,

1

The holdup tanks are comnnected to the radioasctive vent systea
T a 30 paig relief valves and an assoclated bypass valve for each
o * the two sections, The bypasa valves are normally open; the
1 :2ief valves used only when pressurising or if isolation is re-
idreds Eaech hoidup tank is connected to the vent header directly
;' a float type vent walve, which will allow gases to pass but
c..oces against liquids, thus preventing flooding of the vent sya-
t.m by overfilling of a vessel,

Fach of the roldup tank vaults is provided with a sump cone
n cted via a lipe and valve to the holdup tank drain header., The
¢ ain line valves are normally closed to contain any sump accumu-
li.tion, which could indicate leakage of lines or vessels in the
rt srective vault.

Two direct bury 5000 gallom storage tanks are tied into both
tie sump tank pump out line and the drainm heeder from the holdup
t: nkse These vecsels have radiation indicators and liquid level
ii1dicators which are read at the waste disposal station. They are
vinted directly to the atmosphere, A pump out line has been pro-
vi.ded for each.1esael should future removal of the liquid weste be
required,

l. The holdup tanks and the vmste storage tanka ghall be

inventoried once daily and the data recorded on Form 612,

2., The vault sumps shall be inspected omce daily for liquid

accumulation. Any liquid present may bs sampled to determine

the source or drained directly to the storage tanks at the
digoretion of the supervisor.
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coffin is moved because of an interlock which interrupts
all pover to the coffin traverse and bridge motors when
the index leaves its ™up" ositiocn. The coffin must be
properly indexed (all four lights on) before the rest

of the sealing operations <an be completed. A light on
the control pamel indicates the "index head up" positiocn.
b, The gas seal may now be lowered bty operating the
Mower gas seal™ switch on the control panel, Three
solenoid operated two inch pneumatic cylinders raiae e:xd
lower the gas interlock sleeve assenbly vhich seals to
the index ring previously placed inte the fuel plug cecr-
ing, ILights on the panel indicate the "up" and "down"

positions.

co When all four index lights are on an interlock is
also completed which permits the pickup davice to be
lowered,

ds A switch lowers the pickup device from its travel |
position to its "down" position. A micro switch stops
its downward motion and turns on a panel light (grapple
down), and an interlock is complsted that allows the
vacuum buggy to be operated. This vacuum system will

not operate unless the grapple plug 1s in the "down"
position to hold down the fuel plug assembly during
evacuation. In case the down switoh falls, an override
switch (emergenoy wamouum buggy) allows power to the
vacuum buggy¥.

e¢. The shialded vacuum buggy is now used to evacuate
the‘gae interlock, The vacuum buggy oonsiata of a
Kiziney vacuum pump and shielded discharge tank. A1l
vif#‘b on the buggy are solenoid type, operated from a
separdte pendant,

'f. Prior to using the vacuum buggy for evacuating the
interlock the following procedurs will be carried outs
The flex hose ia connected to the vent system in the
coffin service area, The tank is evacuated to the vent

system, Solenoid valves sre then arranged so as to per- {
mit evacuation of the interlock through the flex hose

into the shielded tank.
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Zach of Zhe abeve listed =-eas 15 served oy 3 o-es-
X ol
sure control slabion tomirizod 2f 2 wrszzvre 2oniral valwa
o - - N R - - 5
with Te2lr gz Clocuing valwes 2nd a Lymass valve and line,

there is a locally read flow indicaior 2ad pressure indi-
cater, and a pressure relisf valve connecied to the ~oactor
vent gystem. 3PI~306 iranzmits ke nrezsure as cerotrellaed k7
FC-505 %o parel HY in the control rccom = 3PHA-S51L BL2L .51
actvate zn alarm on panel HH ia the centool roem if 4uo orcs-
sure domngtrean from rC-505 goes abowe 5 nsi or belcw 2,5 v3i,
2,2.1 Testing '
Using Dwg. 9693-6781C% as 2 check lis%, all
units to receive a nitrogen atmosphere will be sealed.
Each pressure controller and relief valve will be szet
at the valuye indicated on the P&I diagram, The pres-
sure gauges will be checked against the pressure con-
trollers, and differences corrected by detail calibra-
tion. The pressure will be raised in each system to
actuate the rellef valve and verify its settirg, The
pregsures in the insulation cavity will be varied +*o
check the settings on ELPA-514 and BHPA-514,
2,3 Venting
Gases froa the areas containing a nitrogen atmosphere,
with the exception of the reactor insgulation cavity, inter-
comnunicate wilth each other through a parallel vent hoader
system. Two tributarieas, one collecting from the main pri-
mary and main aurxiliary galleries, and one from the primary
£411 tank vault and disposable cold trap vault vent through
a common vent lirne, Gases from each tributary pass through
a radioactive dust filter station, They may be released to
the vent system through a common pressure control station
(PC-522) if the preasure ezceeds 1,5 psig, Addditional de-
tails of the venting process are given in section 3, "Vent
System,"
2,3,1 Filters (Equip. No, 781118-a & 781118-B)
’ Each radicactive dust filter statiom bas two

types of filtering media, a coarse section to remove

AR AMERAT AT

BNA03968710



3.

MAA=3R-1IZC~1681
Tage 103

oove rine zarvicles, Zack filter is ingtziled withn
alr of hlecking valves tnd a “yress valve,

urging of the nifroger system will be rerformed
after the galleries, vraulis, and insuiation cavity have
been zealed for operational tssting of the scdium systems,
With the constant pressure system vented to atmosphare

through SV500 and the pressure controllers and valves througi-
out The entire system as prescribed on Dwg, 9693«9?81043 Lhe
system will be purged by a nitrogen supply from a 40,000 scft
trailer. The {low rates to ecach unit will be set as pre-
scribed on the above drawing by the globe valve on the low
pressure side of the respective preasure control valves,
Under these conditions one complete volume change should be
effected in six hours, Three complets volume changes are
rogsible from the trailer supply. The three changes should
reduce the oxygen concentration im the purged volumes to 5%,
Vent System (Dwg, No, 9693-978102)

The vent system collects all gases that could be radiocactive

from the reactor, its auxiliaries, and service systens. The gases

consist of varying amounts of helium, nitrogen, air, bydrogen

and water vapor., Solencid valves in the collection lines are

operated from radiation monitors to route the gases to a reten-

tion syﬁtem'it they are radicactive and to the atmosphere if they

are not,

3.1 Non-Radioactive Gas Disposal

GCases with activity below a certain level are routed
by the solenoid valves mentioned above, to the reactor bduild-
ing ventilation exhaust stack, The collected gases are mixed
with the hot cell exhaust and blown to atmoasphere, At the
valve assembly for diverting the gas to the ventilation
stack, there is a manual valve connection direct to atmes~
phere, for use when the vent system serves as an exhaust for

vurging operations.

NN AN
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3.2 PRadicactive Cas Tispcsal
Radigaciive 32825 are roufocd o o cemmresssr suction
tank by tne radiatlon mopiior siaticn, IXe rauses are nullal

frcz the suction tank by two ccmpressors znd moved %o any ¢
four 350 cu, ft. decay tanks &s selscted, The fcur :tanks
have a combined capacity of 10,000 ccf of gas at 113,7 p
Selection of a decay tank for storage is =ade bty Sareseway

valves wnich are elways open im one of two possible low

[§4]

paths, One valve directs flow to a manifold for tznk 4 2
or C & D alternately. dnother valve directs {low to %tanks
A or B alternately and the third to C or D alternately,
Release of gas from a selected storage tank to the exhaus:
stack is done by a pair of three-way valves, one serving
tanks A or B and one aerving C or D, These wvalves have a
position in which neither tani is vented to the stack, A
third valve in the discharge manifold common to all tanks
pernits selection of use tanks A & B or tanks ¢ & D,

A line from the discharge line common for all four
tanks to the compressor suction tank permits transfer of gas
from one tank to another, The flow of gas released from a
decay tark to the vent stack is controlled by a pressure
control station PC-61M.

A radiation recorder-controller in the ventilation
exhaust stack actuatea a safety valve to stop the flow of
gas from the decay tank if the radiation in the stack cxceeds
a set level,

A helium supply station comprised cof two 225 sgcf
helium bottles is connected to the system at the compressor
suction tank, and at the suction and discharge sides of the
compressor to permit purging of the syatem,

3,2,1 Suction tank (Equip. No, 78122)

The 100 c¢u, ft. suction tank is located on the
hill side 170 ft, north of the reactor building, and is
buried under earth for shielding purposes, There are a
pair of dehydrators connected in parallel on the line
between the suction tanks and the compressor, The hu-
midity of gas passing through the dehydrators will be
reduced to A 16% @ & F,

BNAQ03968712
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i 538 ia %ae suzticn
adicated Lically on FI 501, IF :the

tressure excoods tie prescribed setving, an
alarrm is actuated Zn the reactor control roaz
28 BAPA-602, Two higzh pressure swisches =nd Lwo
lew pressure svwitches (une pair for each ccome-
pressor) ccatrol the compressor operation.
These switches and the resultant compressor
cperation are ccvered in secticn 3,2.2.
3.2,1,2 Testing

The dehydraters will be checked for a
proper chemical charge, All valves on lines
entering the tank will be checked for operability
and posgitive seating,

3.2,2 Compressors (Equip, No, 781214 & 78121B)

The two radicactive vent gas compressors are
located in a concrete vault on the hillside 170 ft,
north of the reactor bullding. Each compressor is rated
at 20 scfm with a suction pressure of 10,7 psia and a
discharge pressure of 113.7 psia.

3.2.2,1 Igstrumentaticn and control

Each compressor ia controlled from a -
high and low pressure switch on the suction tank,
The pressure switches for compressor A will be
set to start it when the pressure in the suction
tank is 13.2 psia or higher and to stop it when
the pressure drops to 10.7 pala, The switches
for compressor B will be set to start it when
the pressure in the suction tank reaches 13,7
psia with compressor A running and to stop it
when the pressure drops to 11,2 psia with com~
pressor A running..

When the low pressure awitck drops out,
the power to the compressor is maintained by a
holding coil retained by a timer, Simultaneously
a solenoid operated by the pressure switch opens

R ECEAVE
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a bypass line tetween ke zuction and dischargs
of ihne somprosser ermiliting circulation through

pleted, th2 helding circuit is Zroken
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the compressor. The above control 3ystem is do-

9]
i

igned to minimize cycling of :-he comprecsscers,
Tt is estimated ihat the operating pressure cy:le
¥ill be vetween 10,7 and 13.2 rsia and will sa
handled by compressor A with conpressor 3 nod
functioning., It is recommended that the pres-
sure control switch settings be altered periodi-
cally tc pernit the compressors to alternate
carrying the load, The control switch for the
compressors is located on the control pazel adja-
cent to the compressors, An overload protection
in the motor starter of each compressor serves
as protection against damage to the conmpressor
if the plug valve in the discharge line is i=n-
advertently closed,
3.2.2.1.1 Testing
The control point settings of the
pressure switches controlling the compressors
and the operation of the compressor bypass
gsolenoid valves will be verified, The function
of the timers will be checked. The compreasor
motor starter overload protection will be
tested on each compressor by purposely closing
the blocking valve in the discharge lins.
3.2.2.2 Testing
The compressors will be operated with
no load for at least ocne hour prior to operation
under load, They will be operated on air to
check for motion restrictions resulting in over-
keating, The compressor control features will
be rechecked with the conpressor operating to

insure proper sequencing,
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e

e 2M - 07 tlecking valves ncrzally

closed in lizes conncciing the compressors :c
ventline 4#94%~2"-H nust be opered to permit this
passage. Jolenoid valves 605 and 606 in %he by-
pass lines around the conpressors also must te
open,

Pressure control stations PC=609 and
610 reduce the pressure of helium from the supply
fanks from 2500 to 100 psipg and from 100 to 5
psi pgauge respectively, before it is used for
purging,

3,2.3 Decay tanks (Equip. No. 781234, 78123B, 78123C,
78123D)

The four 350 cu., ft, decay tanks are located
on the hillaide about 120 ft. north of the réactor
buildinp, The tanks are stainless steel, and have =&
combined capacity of 10,800 scf of gas at 113,7 psia.
They are burled in a concrete vault for shielding pur-~
poses,

The purpose of these tanks is to hold radio-
active gases untll the gases decay to an activity level
consldered as safe for discharge to the atmosphere
through the reactor building ventilation exhaust stack,
The valving for these tanks is described in section 3,2
above,

3.2.3.1 Instrumentation

Bach decay tack is equipped with s
preasure pickup which indicates locally, trans-
mita to a multipoint indicator on panel BH in

the reactor control room, and actuates a high

AR M EREIEE WM
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DL255Ure 2Lard 01 &A%l I In the Sonorol fo-a
The irngicnens fumbers for anzih anr ore SIa
lated oelcw
Tark Yo, A 3 < D
Local Press, Ind. (ZI) 503 5¢8 625 312
Press, Ind, in Cenirol

Rocm ZFID 203 408 515 .9
Press. Alara in Conircl

Room 3BIPA £03 503 516 S.o

115 psi

3.2,3.,2 Testing
All valves used in tank operations
will be checked for positive shut off under full
tank pressure, The pressure indication and high
pressure alarm systems will be checked for oper-
ation under simulated operating conditions,
3,2,4 Gas vent control and filter station
There are two points from which gas rcay be ex-
hausted from the vent system to the reactor building
ventilation exhaust stack. A radiation monitoring
station in the trunk line from the collection system to
the compressors exhausts non-radiocactive gases to the
stack directly, and routes radicactive gas to the com~
pressor. FIlow of gas exhausted from the decay tanks to
the Btack is controlled by a pressure control valve, A
second monitoring station on the exhaust line from the
decay tank to the stack permits only gases below a pre-
scribed activity level to be exhsusted to the stack,
Gases axhausted to the stack by either monitoring
station are filtered to remove the particulate activity,
2.2.4,1 Exhaust direct from collection system
A Jordan ion chamber in the trunk linpe
from the collection aystem nonitors the passing
gases, The output from the ion chamber 1s indi-
cated on a simplitrol milivolt meter on panel GG
in the reactor control room; Contacts on the
ginplitrol operate solenold valves in the line

%o the compreasor and in a shbunt line to the

AR A
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720 3%acK dadiszeslive ases are routed o
the comzresscor n3es sita on aclivisy Llamarn
taan 2 certain v2lue ars veanied dirsctly e

so0lenoid valve in the axizust line nrevents back

Ilow into The collection zysten when venting ihe

8]

decay tanks tc the stack,
3,2.%,2 Ixhaust from decay tanks

The flow of gas released from :che
decay taniks to the reactor building ventiliaiiorn
stack is controlled by a pressure control sta-~
tion, and is filtered by a CVIS type filter to
prevent the discharge of radioactive particles
to the atnosphere., A flame arrestor prevents
baclt explosions into the centrol aystem piping,

3.2.4,2,1 Instrumentation and control

The pressure of gas released is
controlled by pressure comtrol No. PC-611 and
indicated locally on pressure indicator Pi-622.
The flow rate of exhausted gases is indicated
locally on flow indicator FI-600, The control
station may be blocked out with blocking
valves and bypassed by a normally closed
valve in a bypass line.

The activity of gases passing up
tha vent stack is detected by a @1 tﬁbe and
recorded on radiation recorder No. RR-602,
Limit contacts on the recorder actuate a sole=-
noid valve in the exhaust line stopping the
escape of gases from the decay tanks to the
stack,

3,2.4.,3 Testing

The pressure controller will be
checked for ability to maintain the set pressure
points. The safety shut off solenoid and radi-
ation monitor will be tested for function by
exposure of the GM tube to an artificial radi-

ation source,

O
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3,3:.1,1 Reactor and prirary {ill tank atnesphers
4 helium atmesvhere is maintained in
these two units as described in section 1,

"Helium Systems," above, The atmosphere in

thegse units iz common, ‘Then sodiunm is transe-
ferred from one of these tanks to the other, the
gas displaced from the receiving tanik replaces
the sodium in the discharpging tank,
from the line connecting these two areas passes
through a vapor trap (Equip, No. 73214A),
3.3.1.1.1 Control
The helium supply pressure control

Gas vented

stations serving this atmosphere do not have
pressure relief valves, All relieving is done
by relief valves PC-600, RV-603, and RV-602 in
PC=500 will be set to relieve
to the vent system if the pressure exceeds

4,5 pai, RV-603 is set to bypass PC-600 if the
pressure oxceeds 6.5 psi. Fallure of RV-603

to open is backed up by spring loaded RV-602
which vents tc the main sodlum gallery when

the pressurs reaches. 8.5 psi, RV-602 is in-
stalled to relieve to the gallery atmosphere

on the premise that PC-600 and RV-603 could

be prevented from relieving by failure of the

the vent systen.

vent gas conpressor aystem,
3,3.1,1,2 Testing )

. The operation of RV-602 will be
checked by setting PC-600 and RV-603 to relieve

at higher than 8,5 pei and pressurizing the

BNA03968718
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checked by setting a2t 4,

that the relief is ctonped when t
chere reduces to 4,5 psi,
2,3,1.,2 Helium vents frcm freeze trarcs
Vents from strategic locations in
the sodium systea where helium is fed for surge-
ing purposes are connected directly to the vent
system, These vents are used only during the
£illing of the sodium system and are sealed by
a pate valve and by frozen sodium scals under
normal operating conditions, The operation of
these traps as itemized below are covered under
the description of the sodium systems,
a) Disposable Cold Trap
b) Main Primary Cold Trap

¢) Main Primary Piping at the Main
Intermediate Heat Exchanger

d) Auxiliary Primary Cold Trap

e) Auxiliary Primary Piping at the
Auxiliery Primary Heat Exchanger

Gases vented from these freeze traps
pasa through the same control station as the
reactor and primary fill tanks, as described in
section 3.3,1.,1.1 above,

3.3.1.2.1 Testing
The testing of these freeze seals
is covered under section C.2, "Sodium Heat
Transfer Systems,V .
3.3.1,3 Vents from cleaning cells

Each of the three fuel cleaning cells

has two vent lines, One vent is through a con-

denegate trap, and a vacuum pump. The othaer ome

AV ONEENONN A
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.3,0L.6 Liquid waste holdup tanks 2 liguid
WAGSTE SUnp Tanks

A1)

The noliup %onlkis vent through preogsirc
velief valves, The four taniis in group A vens
thrcugh HV-?Olland the feur in group 3 7ent
througn RV-702.

The veat frem :the radicactive liguid
saste sump tank is coannected [o the vert sysven
at all times, unless isolatzd by a blockin
valve at the sump tank,

3.3,1.6,1 Testing
Relief valves RV=701 and R¥-702
will be checked for setting and operation a%
10 psi,
3.3.1.,7 Metallurgical hot cell

The decanninpg and washing comparte
pent of the metallurgical hot cell is open to
the vent systenm at 211 times,

3.3.2 Gases normally not radicactive
The pgases normally not radioactive may be
routed to the gas compressors or may be exhausted to
the vent stack as described in section 3,1, These
gascs are collected from the sources enumerated belew.
3.3.2.1 Galleriea and vaults

These upits normally containing a non-
radicactive nitrogen almosphere are as follows:

a) Main Primary Gallery

b) Auxiliary Primary Gallery
c) Primary 7il1l Tank Vault

d) Disposable Cold Trap Vault

The collection of the gases from these
areas to a common header is described in section
2.3

Gases passed from contrecl station
PC-522 pass through a radiation memnitor statiom
(BHRS-505). If the gases are radicactive, they

are routed to the vent system compressor sucticn

AN
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tank. If they are not radicactive, fkhey are
routed directly to Lhe buildinpg ventilatien
stack, The routing of these gascs is effecrod
by solenoid valves 8V-501 in the compressor
suction tank line and 5V-500 in the stack line,
as controlled from the nmonitor statioa BHRS-505.
3.3.2.1,1 lonitor station
The radicactivity of passing
geses is detected by a Jordan iom chamber,
and the oatput amplified to actuate relays
to control the action of solemoid valves
SV=500 and SV-501, The activity level is in-
dicated on BRI-S500 on pancl GG in the control
room,
3.3.2.1.1.1 Tosting
The proper functioming of
this monitor station will be checked by
bringing a radiocactive cource in proximity
with the detector and observing the sole-
noid valve operation,
5:3c2,2 Reactor drain line to primary fill tank

The vent from this line is through a
freaze trap in the primary fill tank vault, A
bypass line around the c¢ompressor suction tank
permits ugse of this line and the compressgors to
prime the reactor drain pump as described in
gection C, 1, "Sodium Service Systems,"

The checkout of the freeze trap and
ita heatars is covered in the same section,
3,3,2,3 Helium pressure control statious

Gas exhausted from relief valves at
various helium pressure control stations is
collected into this system, The operation of
the control stations as enumerated below are
described in section I. 1,2 "Helium Systems."

Pe-410, 413, 419, 421, 425, 427, 434, 4%,
438, 44o, 473

AV AT

BNA03968722



L1 a7 cent lite is neoraally closed, Th

‘en.  ifher2 ds a pas rcaarling valve in ihe vons

acent to tne blocking valve.

Felief —aive RV-500 will be
tecred for setiing and operation at 6 psi-
3.3, & Nitrogen rressure control stations
Zas exhausted Tr¥cm relief valves at
che n+:irogen prossure coatrol stations is cole-
iepcted nto this system, The operation of these
contirol ctaticns as :tnumerated below is described
in section 2,2 '"Nitrcgen System, '
PC-503 Main Pri=zary System Gallery
504  Primary rill Tanl:t Vault
505 Irsulaticn Cavity
507  Awdiliary Primary System Gallery
511 Disvosable Cold Trep Vault
Pressure control station PC-~305 nein-
tains a minimun aitrogen pressure of 3 psi in the
insuilation cavity. 4 relief valve at this sta-
tion prevents uhe pressure from =xceeding 4.5
p3l. 4 blocking valve in *he vent line is open
y during specific operations such as purziag-.
iith :h2 blocking valve normally closed, relief
alve {3V-601) in the vent system is set to ro-~

<

lieve at 6 psig, and will operate only as a
safety sackur for zhe relief valve at pressure
station PC~5C5, A mas sompling vaive permits

sampiing at ke blockiag 7alve., Pressure alarna

AR ARV
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Appendix C

Holdup Tank Activities and Releases
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W. L. Heher From: 9. Borg
2 June 1959
Dhte Aetivity Total AeMivily
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3/10/59 1.0 2 103 a1 X T
3/51/59 6.0 x 10°% W x 10+ M.W%Ll
3/’1-5/5? 3.2 xiﬁ &iiﬁl A"',.“'T,"L 7.4 X
32/ 68 x gxml 5208
3 6.;lm xlﬁ gb,?x’ll-:L .
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1.8 = 104 200 S AX e
3 ? 1.8 x 104 W xid Ex AT
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3%% 2.0 x 104 Mzied s x.e
M, Background Background
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g ORI

SR

BNA00485210

il




TO:

FROM:

PHONE:

SUBJECT:

N &R5

W

ATOMICS INTERNATIONAL

A DIVISION OF NORTH AMERICAN AVIATION, INC.

INTER-OFFICE LETTERS OMLY

T e L,

W, L, Fisher ""v//ff/g- ADD. ™ 15 779
G. Torg ADDRESS: 779 S8
X 7h DATE: L August 1959

uarterly report of activify released to atmosphers.

The following is 2 tabulation of radicactlve zases releasad to the

atmosphers from SFE holde-up tanks., This report encompases
of ppril 1 te July 1, 1959, The isotopes contained in the

the period
gas releascd

generally consisted of Na2k, Kr85, Xel33 and wixed fission products.

Date Activity Total Activity Release Rate
1959 sefec e CPM
L= b x 10=T 3,0 x 10% 15
b2 Yo detectable activity 15 '
bl weoo TR
5_5 n n 3 L1 ) 05 : . lhg*
=11 3.0 x 10™ 2,3 x 1 x5
bn o zgxle R 100
02 .5 x S g x 5
L-22 18 x 10°5 1. x T3] 5
b2l 5.0 x 1075 3.8 x 103} #8 x 057 1h5
L2l 6.0 x 10°% 1.6 x 103 145
L=27 3.0 z 10=h- 2.3 x 10k 15
ly=20 8.0 x 10~7 6.1 x 101 145
Sl 3,5 x 10~% 2.7 x 102 1h5
53 2.0 x 100 1.5 x 102 5
Sol 2.0 x 106 1.5 x 102 15
55 2.5 x 108 1.9 x 102 145
5-11 1.0 x 106 3.0 x 102 145
5=13 3,0 x 10=8 . 2.3 x 10° s
Ba1l; .0 x 106 3.0 x 102 15
5-16 2.6 x 1075 2.0 x 103 145
518 0.5 x 108 3.8 x 103} s axs0” 145
5-18 4.2 x 10°4 3.2 x 104 5
520 7.5 x 107> 5,7 x 103 145
525 1.0 x 10=5 . 7.8 x102 145
5=26 3.5 x 10=5 2.7 % 103 15
5m28 1.7 x 10=5 1.3 x 103 145
[ 3.2 x 106 2.h x 102 U5
62 3.0 x 10=7 2.3 x 101} 3F x00’ 5
62 2.0 x 10°7 1.5 x 102 115
Fay 3.9 x 30 T ~ e
.5 X 10 1,9 x 10 p
6L 3.0 x 107k e,sxloll}/ eld 60
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TO!:

FROM:

PHONE:

SUBJECT:

ATOMICS INTERNATIONAL

A DIVISION OF NORTH AMERICAN AVIATION, INC.
INTER-OFFICE LETTERS ONLY

- I V4
W. L. Psher v/ it ADDRESS: 775 S8
3. Borg ADDRESS: 779 88
I DATE: Hovesber 20, 1959

Quarterly repord of astivity released to atmeosphers,

The fellowing repert is a tabulatien of redisnciive gases relessed te
the atmesphere from SRE deeay hold-up Sanks. This repert severs ths
period from July 1, 1959 $e Ostober 1, 1959,

Sample AetMivigy Release Rate Tetal Aetivivy
date po/ee (criee) pe =
1/1/89 5.0 x 10°8 1k$ 3.8 x 102

7/1/5% 7.0 x 168 148 53x1
1/3/99 2.8 x 104 14§ 1.9 x 102
1/9/59 2.0 x 10 148 1.8 x 102
1A.0/59 1.8 x 104 148 1.k x 100
1/11/59 2.2 x 1078 148 1.7 x 108
1/20/59 5.0 x 10~2 b 38z
7/25/59 1.k x 202 27 1. x 108
®7/25/59 8.0 x 10~ [ 6.1 x 106
8/22/5% 7;0 x 10~ 4 5 3 x 108
9/16/59 6.5 x 10=2 k& k.o x 106
SA7/59 7.0 x 102 12 5.3 x 108
9/18 /59 2.0 x 10 148 1.5 z 108
9/20/59 5.0 x 1073 148 3.8 x 105
9/71 /59 1.3 x 10°) 65 1.0x1
9/n /89 1.3 x 10=3 148 1.0 x 1
9/21/89 1.1 x 1 1Y 8. 21
9/22/5% 2.0 x 107 ks l.5x1
9/21/89 1.8 = 10~ 14S 1.5 x 105
9/21/%9 1.8 x 10-3 1§ 1.& x 1
A dim n g
9 . x 1l Jdx1l
9,/30/59 6.0 x 108 18 b6 x 102

#Reasen for gap between 7/25/59 te 8/22/5% vo 9/16/59 1a due te slow
relsase rate,

waIn eash instanes of venting the tetal volume released vas apprreximsiely

7.6 x 10Tee. /
GBreb / ( HeidAb Fiysies Depariment - BS

ae: Lang, J. O,

FORM N 6-R-7 (R. 1-58)

T
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ATOMICS INTERNATIONAL

A DIVISION OF NORTH AMERICAN AYIATION, INC.
INTER-OFFICE LETTERS ONLY

TO: W. L. Maher ApDpRess#TY 3B
From: O« Bexg ADDRESSTTY 88
PHONE: TH pate: Ferwary 12, 1560

sURJECT: GERItsrly Tepord &f aqtiviyy relsassd tc atmsephers.

The fullewing repert iz & \abxiatisn of redisnctive gases relessed 4o the
frem XX held-wp taske. This reparh sovers the perisd fyem

= Dade Melsase(l)Mate in ofh Ashivi Totad s
M:Z . sEad 19

Yot
fn
"

> S H-
. " x '
10/5/% . iy
| 4 ; o x
. 10x 1.6 2189
. bt x 3 Y1
i : Sir uns
10/38/59 " }::siﬁ! Ejtg
mmg " 2.8 x 105 o xie
10729, . gﬁ:ﬁ k,’:g’.
10/79 . 6.5 x 16 h.¥ x 18
120 : e
; o EIg e
’ : g OB
. 0§ z 108 3k x 309
11/ . z::: . 5.3 x 103
BA3 . €0 x 1078 ]
1Ay . g+ i
11/19/ . .8 x2rd 3.4 x 188
i/ v 2.0 x 108 15 x
E e
22/93 /55 . 8.3 ' - :
nffg . 13:10-‘ y.“"}:w
(1) Total volwne 7.6 x 16Ten/radonen :
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Appendix D

Reactor Startup Checklist



Appendix E

Description of Damaged Fuel Assemblies
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Core Channel

Description of Damage

R-10

At 2200, July 27, 1959, it was found that the fuel cluster was broken in two with approximately
two-thirds of the fuel cluster remaining in the fuel Channel . Shield plug and broken section of feel
cluster were stored In Storage Cell 69.

R-12

At 1743, August 2, 1959, It was found that the fuel cluster was broken in two with approximately
two-thirds of the fuel cluster remaining in the fuel channel. Shield plug and broken section of fuel
cluster are contained within the fuel transfer cask awaiting transfer to a storage cell.

R-21

At 2245, October 10, 1959, an unsuccessful attempt was made to remove the fuel cluster from R-
21 . The hoist cable power was tripped because of overload~ 800 Ibs. The fuel cluster was finally
withdrawn from the core at 2330 . Observations made in the SRE hot cell indicated that the lower
third of the fuel cluster had broken off and had probably remained in core channel R-21 . The por-
tion of cluster removed has been canned and is being stored.

R-23

At 1413, October 11, 1939, the fuel element from R-23 was removed from the core . It was noted
during removal operations that the element stuck momentarily after 4 ft of upward travel . The
element was broken, with the lower third believed to be still In R-23 . The portion of cluster re-
moved has been canned and is being stored.

R-24

Attempts to remove the fuel cluster from R-24 had failed . This cluster, with its moderator can,
was raised and blocked-up approximately | in. in an attempt to free the fuel cluster from the mod-
erator can . No change was noted

R-25

At 1915, July 16, 1959, the element was being viewed by using the portable television camera
when it was noted that the cladding appeared to be split open on one of the fuel rods . The element
was lowered back in the core, rotated 180°, and viewed again showing an additional ruptured fuel
rod. Element was stored in storage cell 56.

R-31

At 0200, July 27, 1939, it was found that the fuel cluster was broken in two with approximately
one -half of the fuel remaining in the fuel channel . Shield plug and broken section of fuel cluster
were stored in storage cell 35 .

R-35

At 1700, July 27, 1959, it was found that the fuel cluster was broken in two with approximately
one-half of the fuel remaining in the fuel channel. Shield plug and broken section of fuel cluster
were stored in storage cell 68.

R-43

At 1903, October 15, 1959, the fuel element from R-43 was removed from the core. The fuel clus-
ter was broken in half. The portion of cluster removed has been canned end is being stored.

R-55

At 1900, July 20, 1959, the experimental fuel element was found to be broken in two with ap-
proximately nee-half of the cluster remaining in the fuel channel . Broken section of fuel cluster
was examined and photographed In the hot cell, then the remains of the cluster were removed
from the shield plug section end placed in a container and left in the hot cell. The shield plug was
placed in storage Call 73 .

R-68

At 2300, August 1, 1959, it was found that the fuel cluster was broken in two with approximately
two-thirds of the fuel cluster remaining in the fuel channel . Shield plug and broken section of fuel
cluster were stored in storage cell 72.

R-69

At 2230, October 14, 1959, the feel element from R-69 were withdrawn from the reactor . The
cluster was broken in half. The portion of cluster removed has been canned and is being stored .

R-76

Attempts to remove the fuel cluster from R-76 have failed. In-core observations of to cluster, dur-
ing removal attempts, Indicate that the moderator can containing the cluster lifts as the element is
raised. This cluster, with its moderator can, was raised and blocked-up approximately 1 in. in an
attempt to free the fuel cluster from the moderator can. No change was noted.
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Appendix F
Environmental Air Sample Data

Santa Susana & Van Owen Sample Points
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Description of RADTRAN Mathematical Model
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1.Introduction and Background

The computer code RADTRAN was developed to provide a powerful and flexible tool for fission
product transport analysis. The data libraries contain 367 nuclides in 100 decay chains, with a
maximum chain length of six members. RADTRAN solves a set of coupled, linear first-order
differential equations using a matrix exponential method to provide an exact solution for the

time-dependent buildup and transport of radioactive fission products.

The primary use of RADTRAN is to provide time-dependent source terms that may be used to
evaluate radiological conditions for plant operations. The code is very flexible, and offers many
variations of calculations, depending on the definitions of coefficients described in the rate equa-
tion shown below. The most common use is to provide a time-dependent release from the plant

via the ventilation systems, by defining nodal source terms inside the plant.

1.1. General Rate Equation

The computer code RADTRAN addresses time-dependent solution of radioactive material trans-

port. The general rate equation is:

dN,
T :(XNf +l]41N,_1 'liNf ‘ﬂ\lf 'C’)Nf

where:

N, = population of radionuclide N [Atoms] in a decay chain of up to 6 members
« = production coefficient of radionuclide N

A, =decay constant of precursor of radionuclide in decay chain

N,_, =population of precursor of radionuclide in decay chain

and

aN , =production term for radionuclide N

A, N,_; = production term for radionuclide N by radioactive decay of precursor
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AN, =removal term for radionuciide N by radioactive decay
BN , =removal term for radionuclide N with accumulation in separate node

oN ; =removal term for radionuclide N with release rate output as Ci/Sec

The flexibility of the code is demonstrated in the use and definition of the coefficients

@, 3, and @, which are described in the following sections. The SN, and @N , terms allow
modeling chemical and physical removal such as ionic exchange or filtration.
1.2. Production in Calculation Node by Physical Transport

In this mode of transport, the fission products are identified as a concentration in a fluid or gas as
uCi/ce and the time-dependent release into the calculation node is specified by the « coefficient.

The “leak rate” is specified as one of three choices:
¢ Lby, /hr
4 cc/sec
¢ Cu. Ft/min

Internal conversions in the code handle the conversions such that the “atoms/sec” production

term is consistent with the rate equation for each radionuclide.
1.3. Removal Coefficients
1.3.1. Partial Removal Coefficient

The partial removal coefficient is used to allow filtration of the decay chain family with filtration

efficiencies set as time-dependent values. The removal coefficient is defined by:

where :

m, = Removal rate in consistent units, e.g., cfm
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M = Denominator to obtain 1/sec when taken with m,
F = Filtration efficiency for isotope i

Efficiencies must be specified in fractions instead of percent, and may vary with time. The
unique feature of this removal term is that daughter products of an isotope that have efficiency
values of 0 will be released from the “filter” and reintroduced into the main node. This models
the behavior of a recirculation filter, for example. Any removal system that functions in a recircu-
lation loop may be modeled. There is also an option called the “strongly interacting model”
whereby gaseous daughters may be retained in the “filter” node. This feature allows accumula-
tion for a time period, with subsequent leakage or release according to the value of the filtration

efficiency and removal rate.
1.3.2. Total Removal Coefficient

The total removal coefficient is used to completely remove a decay chain or members thereof
from the node. It may be thought of as a “purge” type node. The total removal coefficient is de-

fined by:

where:

m, = removal rate, in consistent units with M, e.g. cfm,

M = Denominator to obtain 1/sec when used with m »
F = Filtration efficiency for total removal node.

The release from the node is calculated as atoms/sec removal from the node. Filtration efficien-

cies may be specified to vary with time.
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